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1 

INTRODUCTION 

/L The Data 

la the spring of 1930, the three nursery-school 
teachers of the Institute of Child Welfare rated each 
of thirty children on each of the 231 traits of the Cali- 
fornia Behavior Inventory. The thirty children con- 
stituted the entire enrolment in the Institute’s nursery 
school at that time. From one to tvvo months after this 
task, was completed, each teacher re-rated the children 
on each of 31 selected traits. Both the first ratings and 
the re-ratings were performed independently by each 
judge; and no recourse to original ratings was had at 
any time during the process of re-rating. All the 
ratings were made on a seven-point scale in accordance 
with rather detailed directions. For the reader’s con- 
venience, these directions are, except for certain minor 
omissions, reprinted verbatim herewith (2) . It will be 
noted, from the directions, that the teachers arc re- 
quested to rate each child in comparison with others oj 
ike same age. In addition, each nursery-school teacher 
is asked to indicate the confidence with which she made 
every rating for each child, and also to make a judg- 
ment as to whether, for the particular child being 
rated, the particular trait being rated was of "central 
or dominating importance" in the given child’s per- 
sonality. 

A (letiiilcil (Icsci'iption of tlic sample (hic.s mi iieit'ssiiy for 
lU'CMMic It may .srifficc to rimark iliut the cliciuele uf ilui 

Institute's niU'vScry sdioul is drawn iiiamly from ilic tippci-niidillc 

[7] 
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and professional classes of HcriccUy. Ai . ' -JKh 

tests as tk Minnesota Presch«i» iwaSr iV Mrn^r. IV-Ssnrj, 
the average IQ of live nursery-^clioal cUMrert 
115 and 120 , Although na cUnical i < in s-V ^ » hii,j 
before admission to the nursery %cIukiI. oIivioh-^ m nn 

cases" arc in gencTal nut ftcccpleJ; «n tlw wls-d*-, iJnJfh'jr. the 
nnrsciy-sthool gvou^v may probahly bt <firtM 4 <rci 5 w’-tr „t Ir.. 
“normal," ^\'ith possibly a sKphi uvervsTiKhtina mI vlnl.ls<n luvmt; 
m'lU behavior difiicullits ai home. Oi vht Ml n\ «W Y^r -<cw 

study, 12 arc boya, 18 arc glrU. As «f Mnith 1 . filsr Tiivir 

nboiic which the ratings were made), the mcfin aijr «'1 the ’w.i" 
41.4 months, the meilinn, 42.5 monihs. The viuie^i^vnihoti 
for the girls are 41,1 and 41 .( 1 . The boys ranged in hnin 
53 montlis (.^verage deviation Irom ihe mean, 0.0 iii'iiiih*) ; ihc 
girls, from 23 to 57 months (nvcrag« deviaiinn. 7.2 

d. Directions for Ratixo 

1. The Trgi/i anti Syinhnif 

Tlw llchavior Inventory con&ists ei a lis-t of nnmhcipd 
Each trait in the Inventory hu been desetibed by ,i 
heading; and (fi) by an clttWalion or UUntratian u[ thr hradin,-;', 
in this elaboratioh, the iu/o exJremer of the trait nrr r.uhrr Odlv 
illxksttnt'Bil OT defined, and tile middle or avtnit^/e nl iVtr iraii si 
vjsually stinted somewhat more briefly. 

' PVease give all children n rating lor each trail, on h ^l"vet 1 pMini 
scales Rate all the children /or* each iarliviiltinl iruii, WJuri* pri** 
qeeding to the next trait. Pm your ratings on llic D.iia Shm v» hi, )i 
benrs the e,.V(ict riimbit of the trait you are rnlin}*. Kindly innur 
that on each D,ata Sheet, the children have been nmnj'rsl in •udi'i 
of chronological age. When rating, plcftsc lake the vliililV i liinn.i- 
lopcal age into consideration. Eacli child slumld he rain! nnly 
til cora^flrijojs with atkeft of the same fhfonniofficfj} a/je, 

, The s)'nibols , to be used in rating arc ns folluu's: 

1 : Child is extreme flirJ milslaniiing, in ilip inaiuirr 
indicated in the iipfsrr third nf the drseripiinn „1 

the trait. (May be thought of as TTI) 

'■ "2"; (:iind is tto/iWWy excefthiiai. in the dirrni.in In- 
dicated by the upper third of the ilcscripiiuii .il 
the trart, (May be thought of as -j- 4 -) 
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"3”: Child riiffers from the average for i\h ngr, in 

the (liicction indicutcd b)' the uttfer thin! of the 
description of the trait. (i\Tiiy he tliinitilit of as 

-h) 

"4": Average for the child's a[;e. (Aiay be t)ioii(tht cf 
ns 0 or rh) 

"5"; Child from the average (or his age, leaning 

in the direction indicated hy the lou’er third of the 
description of the trait. (Klny he tlioiii'lit of as — ] 

"6": Child is noticeably exceftiiotial, in the direction in- 
dicated by the lower third of the description of the 
trait. (May be tliouglit of as ) 

"7": Child is cxircme atnl oulslaatling, in the manner 
indicated in the lower third of tltc description of the 
trait, (May be thoui'ht of as !) 

A further way of amplifyiny: the iiicaniiit' of tlic symbols ^ivcii 
above is as follows: 

"1" — should be given to about 2 children in 100. 

"2" — should he given to about 8 children in 100, 

"3" — should he given to about 23 chiUlrcix in 100, 

"4" — should he given to about 33 children in 100, 

"5" — sJiouId be given to about 23 childrui in 100, 

“6" — should he given to about b children In 100, 

"7"“-sliould he given to about 2 childrcti in 100, 

Notice chat 80 per cent of the cases slumld full within 3, 4, ami 5. 
The remaining 20 per cent should he placed at the exirtini's — 1, 2, 
6, and 7. 'I'liesc figures apply to must (if luit all) of the iniics in 
the present rating scale, 

AAilitional SyinboU 

(I. Confidence of judgment, For each child, you are rcipjcsccd 
to record also the confidence with which you judge him in the par- 
ticular trait being rated. If your rating in the parLicular trait 
was made with an amount of coiiUdciice greater l/iun iii'irage, please 
undevseove ".3" opposite the child’s name on the Data Hiu'ct. If 
your rating wa,s in.ide with an average uinriant i,/ rniifiieiiir. uii- 
derscore "2." If j’oiir rating was made with an aioount nf eoiili- 
(lencc less lliaii iivenigv, please underscore "I." 

b. Trails o/ a'ulrai iinfiurlanct. II ytm cunsidov I'ninin Hails 
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to be of central or domirvating iinijsgriintc m a Eiim t^r- 

sonality' niakc-up-thal ii lo m, •* )«« i« 

these traits in a description ol ihe irJiild* mi m' 

consider kliftt thtse iraili wnlTibute in an qm^aa-lsn^ wm the 
success or Iflilorc ol the child’* adju^imtnt- ihtn. wbni 
the child lor these trails, plate a murtni^ »}>fr ? .,*,r 

thus 6^, or I*, etc. 

f, Omiiled mliii^i. If ut\ahir !*t rale a fhthi. a lnojlisrtial 
line in tile box opposite the child's name (i.c- m >J>r s.i)iir hn 
where the rating would ordinavily he pwl: ihu^ ^ 

2. Cauf(o/iJ IN 

A warning inny be offered conceminjj «bw of 

error in rating! 

a, Rate each child with selcrence to othci^ the tanie ehrtinr,’ 
logienl age. To illustrate, it would l>e oSviouiilv nnijir m lair the 
self-reliance of a 21-nionlh child by the wwnc ?l;rinlaiij js’. a dH- 
month child. 

b, Be sure to rate the child exclusively tut ihf srttu ti9i,hr iSfN- 
siJerafioii. Do not let the child’s genera) pcmmalily, tu )Miir ivd- 
ings on other traits, color your rating on any InJivitlual isan. 
Avoid ‘'hah'ifjecl," 

c, State your honest opinion of a child on e-ach i^pnilic trail 

whether tliia opimon is complimcntars' or not. 'Too ulica, Muiuci 
who ate about to record an unconiplimcntaiy rating, %l<ip n* tln'iih 
up possiblllties of doubt against tlie adverse raiiiiK: mid ilirn lliri 
proceed to give the child ‘'the benefit o( tJte dciuht." Thii m m.i 
fair Iq ihe child n&ou( ty/iom there U no doHii. iIm nn» liy 

to Mtionnlize away a child’s deficiencies, any mure than yioi iry in 
rationalize away its superiorities. The point (s nut in rniimi.ili/r 
away either superiorities or inlcnnrities. Remember that ymir riU- 
ings of the child are not going to be used either for or ngninM liim; 
they are going to be used for scientific invwtigaiiiin ewlu'-ivcly. 
Do not hesitfite io put down uncotnplmeniary rafin^t, if fhne rff>rt‘ 
sent your o^/iiiDji. 

; d, Beware of the iniluencc of the child previoush' ralcd iipiin 
your rating of the present child, U the prcccilinK child vv.is vny 
bjsMul Jot example, there is sometimes n tendency ui r.ile ilir nr-M 
chvd ns quite bold. He mny indeed be bold in cumriiriMin with ilir 
child just rated, but not in comparison with the average (nr his nj-p. 
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The average for the child's age is, of course, the proper standard 
for comparison. 

c, Some judges seem to be afraid to mark a child "average,' ap- 
parently feeling that to place a child at "avcrnKc" iiullcjucs some 
lack of discernment on the part of the rater. This is not true. Other 
judges, on the contrary, seem to feel that it is somehow "safest" to 
place a child at 4 (the average). This, also, is false, If the judge 
docs not have the information necessary to rate a cliild on certain 
traits, then the only "safe" course is to refuse to rate the ihihl on 
these particular traits, 

C. The Selection of the Tuaits To Be Re-hated 

A word should be said with regard to the basis of 
selcctioa of the 3L traits which were re-rated. Had 
unlimited time and patience been availablCj perhaps 
all 231 traits of the Behavior Inventory would have 
been re-rated. Under the practical conditions, how- 
ever, such an undertaking was quite out of the ques- 
tion. The 31 traits finally selected were chosen partly 
because of their special interest to certain members of 
the Institute staff, and partly because of their repre- 
sentative character. In the Appendix, statistical data 
will be presented to show that, on the whole, the results 
for the 31 traits are, in many measurable respects, simi- 
lar tn results obtained from the full 231 traits of the 
Inventory. The body of the present monograph will 
be restricted to data obtained from the ratings and re- 
ratings of the 31 traits only. 



II 

THE CONSISTENCY OF TRAlT-KATlXCiS 

and agreement between JIT)G1-.S 
d . Ratings of Thirty Ciiilijhfn ox IxnniiMvu. 
Traits 

In this section we shall present vcrhiilini ciii li nf ihc 
31 selected traits.^ Underneath eaeVt trail is cer- 
tain statistical inlormation lor the trail; arUlitional in- 
formation is given in Tables I and 2. 1 he loeuniiig of 
the 7 io/(i/iofl employed in the present scciinn is ns fol- 
lows: 

Tjij- is ehe correlation bervveen judge A's^ rjuin^ jnid 

And Tea' m defined similarly to r^^.. 

rjj' is the mean of fau't i^nd rr?c*.* (The Icilpr J in ilir ^ih- 
script of i'jj' stands for a single judgC'in-Ernrrjd. nn-prOlird 

AS to identity.) 

rga- U tl>e corrclfttion between llw ntrrfljf o( )ud^c i\\ HV, atul 
'G's first ratings and the average of their rc*raiinsf. 

cTi^' ill the mean of two standard dci'inlionii viz., ihe SI ) nf AV 
first ratings and the SD of her le-niiiigs. 

crjiB' and trao' are defined similarly to ir44*. 

^Occasionnlly in this presentation the heading of a (rail hrrn 
slightly modified, in order to replace certain of the meanirm hrsi hj 
removing the trait from its context in ihc Jul) Dchavinr Invpnlnry 
'.■( 2 ). 

“For convenience of symbolism, the three nurwry-K‘luHd icacher-v 
who performed tjie rating .ire dcsiBnalciJ as A, H, and C, 
tively. 

“The rnear of the three coefficients pnivulci n simple and dirr>:i 
measure of agreement. Theoretically it would be tlcMr.ihlr. hrl-ur 
averaging, to convert cacli coefficient to a \’nliie nn a liiiPiii Ci.r.. 
eqiiial-unit) scale, Such a procedure would, in general, iriiii in 
increase somewhat the values ol the mean coefficient (cf. llic dU' 
cussion in Section C of the present chuptcr). 

[ 12 ] 
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ana- is the mean of two standard deviations, viz., the SD of tlic 
average first rating by A, B, and C and the SD of the average 
re-raiing by A, B, and C. 

MDax' is the mean difference (without regard to sign) between A’s 
first rotings and her rc-ratings, 

MDjiji- and MDco' are defined Eimilnrly to 

MDdh- is tlie mean difference (without regard to sign) between 
the average of judge A’s, U’s, and C’s first ratings and the aveT“ 
age of their re-ratings. 

In the remaining notation to be presented, only the 
teachers’ first ratings are involved (as indicated by 
the absence of primes in the subscripts), 
j'aji is the correlation between judge A’s and judge B's racings, 

7’,ic and rao arc defined similarly to r^j). 

»'Vais die mean of t'Ao, «ad roo- (Cf. footnote 3, p. 12.) 
rfi^Bgis the (estimated) correlation between the average of judge A's 

D's, and C’s ratings and the average of three oilier judges’ rat- 
ings similar to A’s, U’s, and C’s. (The fonniila iiscil to com- 
pute is formula 154 of reference 5. In tliis formula, for 

our case, n— ifi— 3; and we assume •»'j'y“rpo““l/3(r^Pj-|-;'.v; 
+'‘i!o). 

is the estimated correlation between the average of judge A's, 
B's, and C's ratings and an inlimtc number of nt'licr judges' 
ratings similar to A's, IJ’s, and C’s. ('Die value of /•[)* is 

n u 

i $ 

computed by the formula ra-j, = — cf. formula 

153f7, refei'cnce 3). .The symbols ro a and rua- have already 
been defined above. ^ ” 

r«,„ is ra a corrected for attenuation by the formula 

1 s 

^' 8 , 3 , 

f’zr.^ = or 

\/^'aa- ■\/riia' ra;r 

(TAJ] is the mean of two SP’s, viz., the SO of A’s ratini's anil the 
SD of B's ratings. 

(T,ia and ann are defined similarly to »mii. 

i.s the mean difference (without regard to sign) between 
A’s and B’s rattng.s of a trait. 

MDao and MDna arc dermed similarly to MD^^. 
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Each trait-description below is nuniluTCtl m ihe 
full California Behavior Invenuny ( 2 ). The italic 
' 7 /' HJ* and * 7 " indicate the extreme, .vveraf^c, and 
opposite extreme of a trait, respcclivdy. It may be 
noticed that, for some trails, the “average” behavior has 
been described comparatively bricliy. 'rhe nsc of ibe 
California Behavior Inventory in general prri-uptv»*c^ 
that the rater is sulTicicnlly (amiliar wiili the hdi.ivinr 
of children at the nursery-school ages so that an clalHt- 
rate or detailed description of "‘average” behavior is 
as a rule unnecessary. 

l. Amount of tioio spent in |»ross, oven acliviiv— 

1 Engaged in gross, overt aclivny p Inrftc poMsMii “f hie lirnr; 

child is charactcrislicfllly active and in imaiim. 

4 Engaged in gross, overt activity an avenBe ni liinr. 

7 Child is chnrsictcrlsticftHy innciivc or siauotiiiiy: «rh 

dom engaged in gross, overt oclivily. 

ra8'™',94 /'jj/*™.70 

4.1 Inertia in getting slaried— 

1 Very slow to get started overtly; slow nu; dim- »m r\|>rn!i. 

' hi& desires or ideas in overt aclivily, 

^ Average inertia in getting started. 

7 Very quick to get started; quick to aci; quick in ilr^iir'. 

or ideas in overt aciivity, 

r‘/j'=.85 raa'=.H ij^=:.70 
6, Vocalization — 

/ Child is exceptionally active vocally; shouiJi, lalk^ Itait!, 
songs, talks while playing or working, uilks to uihtr?, ric. M iit h 
energy spent in vocal activity. 

4 Average amount of vocal nctivity, 

7 Child is exceptionally quiet; speaks in a low vuitr. i;ut1v 
etc, Little energy spent in vocal aclivhy. 

fjj‘=,l2 fa8-=.85 ^^,=.60 ra*— .89 

7.1 Overt emotionality; case of stimuUiing to overt rminiininl ir- 
sponse — 

1 Child is very easily moved to overt emolional rcsiKin^c. IHbIiIv 
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responsive. Mild unexpected stimuli, cnsuul rcprnucli, little 
jiccidciits, and in general relatively weakly stiinulaling situri- 
tiens, readily produce dc/initc overt cniotiun in tlie child. 

4 Child is moved to overt c.YprcHsioii (if emotions with average 
difficulty or ease. 

7 Child is very difficult to move to overt emotional response, be- 
ing eitlicr indifferent, or (so far as overt imllcatuins are con- 
ccined) dully unresponsive. Exceptionally strong stimuli, and 
exceptionally pleasant (or unpleasant) situations arc rc(iuirecl to 
produce overt emotion in the child. 

rjj'=.70 raa‘=.81 pj^j=A9 ra^=.82 

8.1 Inhibition of emotions: general stamment — 

1 Child customarily tries to control and restrain his emotions. 
Very highly inhibited, emotionally. 

4 Average CGiUrol or restraint of emotions. Average ovcrtiic.ss 
of expression of cinotiuiis. 

7 No restraint of emotions. Reaction to emotional stimuli is 
piompt, finnk, free. Child rarely attempts to restrain, control, 
conceal, or inhibit his emotions. 

rjj'=.70 raB*=.78 /v,jj=-+2 roaj=.77 

9.2 General cmutionnlity (implicit ns well ns overt) : degree of 
emotional response — 

1 Child's emotional response Is customarily very strons. Child is 
intensely affected emotionally (whether he c.xpre.ssc.s his emo* 
tions openly and freely, or not), 

4 Child’s emotional responses arc, in general, average in intensity. 

7 Child's emotional response is characteristically small. Rela* 
tivcly strongly stimulating situations (iroducc only mild or weak 
emotions in the child. 

JV/' = .73 ;-h 3<=.84 /‘aa;— -91 

11. Recovery after emotional disturbance — 

7 After the immediate emotional response tire child hchaves in its 
normal manner; no "after effects" of the emotion, such ns un- 
usual silence, inactivity, seclusion, showing off, pouting, brood- 
ing, irritability, etc. Child is exceptionally resilient, recovers 
very quickly. 

4 Average I'csilicncc. 

7 Lack of resilience. Child tends to remain (irnvanlly) in a per- 
sistently disturbed .state; the immediate emotion brings an nfter- 
matli of disturbance in behavior (such as unusual silence, in- 
activity, .seclusion, showing off, pmiting, brooding, rosciiimiint, 
irritability, etc.). Internal emotion evidently contiiui(\s, after 
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the emotional aituatiott mA ihc immrdMlp irstiifin 

have passed. . 

fjj.=:,6l r34-='85 fa*..; 


16 . Predictability of tmollotu— . i 

1 Emotions BTC very easily pietlicied; dtsUU rinr-JiNs^i 

(or absence of cmolional rcippitsc) W a Ivr f^ip* 

casted ivith little or 

4 Average. General nature oi chiW'a arspfmw* hr j^rrfUord, 

more or Icmi hut lorccaaie can be ^rnrial m tW. imvA 

contain considcrnblc error. 

7 Emotions highV unprcdklaWc; iirt^uW, enaiu c-,rj<vttun4ji> ; 
forecasts of emotional responses arc vay tliffkuli iS^aW. 
rjj'=.5B rw— -W 


21i Reaction to teasing — 

/ Very sensitive, easily hurt, reacts strongly. 

4 Average. Is sensitive to teasini., but bcbaviwr k rt<«l rsi9r«;hllv 
disorganized unites many children join in the iW t>nc 

time, 

7 Indifferent, quickly becomes callously di-urngarrSfuJ. 

?«.=.38 rM -=.?9 r^r^M 

24.1 Emcilonal reaction to sympailif or approval •>! aduN* 

I Very sensitive; strong emoiiunal tcsywrise can !m? n^ijlv sdsT.in«r<l 
by aytnpathy witlt child's efCoru, ut apprcival tif «a><n?pluhinfi>K 
, V Average emotional respontivenesf. ah’ 

appreciated more when child U living difTtaihy, ih»n ('thri 
; times. 

i Emoiiottaliy insensitive or indifferem. Callous. 

Pjj'=.36 rB*-=.42 rs*“.&3 

35;3 Mode cl resistance to denial by anolhcT child; diirvi atwuijU 
to do or take what bos been denied'" 


1 Child typically proceeds to tiy directly to do or lahr \ijMS lir 
lias been denied. E.g,, if he lias been denied a v.»i^'>n u 
hammer, etc,), he proceeds at once to try to take it ; il he \v.ini‘' 
(in a game) to pUy the father, he proceeds to Jo m. slrHuiic the 
previous objections of his playmate; etc. 

4 Average attempt s override opposition. Attempts ni diir* i Inl- 
nllment depend in part on the size of llic oilier ilnlil, nii.l ilir 
. cmpha&is with which the other child has mmlc the ilmiA, rtv, 

V Rarely attempts to ignore or override tlenial directly. 
fjj ‘=.80 rayz=. 9 l ?y ,.»=.66 
44,6 Detachment from other cliildrert — 

3 GbiTd disregards other children, pays liiilc niieniiKn lo nilirr, 
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is often highly unsiwnrc of the presence of others. 

4 Average. Notices others especially wJicn seeking a playmate; 
clisrcgarcis others in the midst of an earnest effort at painting, 
sawing; etc.; at other times gives ordinary notice and ordinary 
attention to others. 

7 Child is keenly a^varc of the presence of others; detachment 
seems very diflicult. 

rfla'=-8I rj,Ja=-51 ra»=.84 

46.32 Self-assertion: expression of his own desires or opinions in a 
groui>— 

1 Quick to make plain liis desires or opinions in a group. As 
quick and emphatic in making plain his displeasure and disap- 
proval of what is being done or said, as to express approval and 
agreement, Markedly self-assertive. 

4 Average, Less assertive in a group than with an individual play- 
mate; but child indicates his desires and opinions to the group, 
when his feelings arc strong. 

7 Ildarkcdly inhibited or f.nltcring in getting across Jiis own desires 
and opinions. Typically submits, rather than making plain Ids 
own desires. Lacking in self-assertion. 

rjj-=-16 rB8'=.91 r/,j,=.59 ra«=.85 
47.31 Retaliation: circuitous ("compensatory”) rcinlintioii : prompt — 

1 Child often promptly "takes out" on another the ciffeiisc done to 
himself; c.g,, if hit by another, the child turns around and 
puslics or hits a tliird (innocent) child; if n toy )»a,s been taken 
RM'ay from him, the cldld turns nrouiu! and takes a toy from ii 
third (innocent) child, or hits a third child, or is otherwise 
nasty to him; etc. 

4 Average. Child sometimes promptly "takes out” his grievance 
on an innocent tliird part}'', especially if deeply irritfitcil, and if 
a smaller cliild is available to be "picked on.” 

7 Child ncYci promptly "takes out" his grievance on any innocent 
parties, even if lie is deeply affected and n snmJlcr cliild is 
available as .a victim. 

)"jj<=,83 rag-=.92 f/,/=.70 l■n*=,92 
48.2 Initiative; need for outside suggestions and directions — 

1 Cliild requires continuous outside suggestion and direction (from 
aflu]t.s or other cJiildren) in order to choose an .nctivity, or to se- 
lect a inctliod of overcoming an obstacle, etc. Finds it ixri’p- 
tionally (lifTicidt ui get started ami keep going "on liis oni-ii 
hook," Lacks initiative. 

4 Average initiative. Generally rcciuircs no siigge.stlnn or diiec- 
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tion ill order to get started ; bui il an r> rn^ 

countered, the child (s h'kely to Hr mmc vt aJ a ^inl 
require some outside suggeslian ar direclir.n in nrdrr in M.mr. 
thing about tlic obstacle or dllHculiy. 

7 Child promptly and of ow’n accord chim^rs iIk iiviii m whtth 
he Is to cngtigQv selects iHc incthoJ lo m *‘VTj*>'*iv,5n^ 

an obstacle, etc, Requires no ouhide m dimii-.n 

in order to get started and keep going, Mas ^jiij.njni 

of initiative. 

Pjjj=.75 raa'^.88 

51,1 Adjustability to nesv situalions; wnolitmai aiiinidj' iv'W.jjd nnv 
situations — 

1 Child welcomes changes nnd new siiuaiiV-n?; h sfmnrrwjjjif, 
exploring; enjoys novelty d[ % sUuaiiwi, 

4 Average. Welcomes variations or small chaiiBr^ fiHii ihr fi^inil- 
iar, rather than genuinely new niuaticma \vhi<h In* luiiv iiui he 
prepared to mect. 

7 Not Qt all vcnturcsomcs shrinks from makinii ninv 
greatly prefers the linbiUul and fAiiiiliaf in iIk td mii- 

ganizntion required by the nev\*. Routlnaied. 

f;;'=.76 rgj'=.9+ rs^=s.87 


56, Number of friends among children — 

/ Child has many friends; “socially eitimnaivc,*' 

4 Average number of friends. 

7 Child has few friendi; “socially cwisirictcd." 
fj/'=-79 rBi>=.fl8 
65, Nervous lubils — 

1 Shows numerous nervous habits (or nrarki^d addkiiMn m mjit 
nervous habit); e,g., fidgets, sucks lliumh, hilc* nails uiii( jir\ 
face or shoulders, curls or twists hair, plays with ntrniili ,it l.irr, 
etc. 


4 Average. Shows some nervous hablui under prnvih:,iii'fn. 

7 Free from nil signs of any nervous bnbiis. 

fjj'=,5l rai‘=.6l f/^j=,21 

other tlian typical “ihoH'ing hfC' 

I Child (probably more or less dcUbtraidyl inuudri -.rU iiu.. 
others '‘|Jention, by such devices nsi explicitly csillifin ,mniri..ii 
to himself ( watch mcl"); by boiiicrou^np^v by rapid ri)iiiiiii}: 
near others; by inakiag a fua over n sligbi irijurv; I'v nii'diii; 
a rumpus (c.g,, through r quarrel) | by muiiruint; ,1 liiuh Ih.v, ..r 
standing on top of k jungle gym; by cxcc^rivc nfftvri.m Ulnir-,'. 
to othets', by laqaactousncss; ck, 
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4 Average. Appreciates attention, but seltlom makes a special 
effort to attract it to himself. 

7 Child is very unobtrusive anti self-effacing; does not attract at- 
tention to himself. 

fjj'=.68 rj3-=.88 vj^j=.CiG r8ai=-9] 

87.1 Haslifuliicss with adults — 

1 Self-conscious, shy, diffident, very easily embarrassed, 

4 Average. Initial reaction to adult U one of some embarrass- 
ment, which, however, wears off fairly soon. 

7 Rarely shows signs of embarrassment; not at all self-conscious; 
extremely self-composed; forward, "bold." 

Oj'=.79 raa'=.90 j'j,j,=. 53 ;*aa,= .Bl 

88, Apprchcnsivencss — 

1 Anxious, frightened, or worried at the protpecl of a situation 
which is new and unknown, unpleasant, or dangerous, IC.g,, 
child cries or is friglilencd at praspcci of a physical examina- 
tion, a vaccination, or a mental test; is seared at prospect of 
having to be away from familiar surroundings or from mother; 
is timid about making a new friend; etc. 

4 Avernge, Dccomcs a little anxious, for example, while waiting 
for a vaccination, but docs not usually worry nuicli in advance. 
Occasionally slightly apprehensive at prospect of tlic unfamiliar, 

7 Child never worries or becomes frightened in advance; is en- 
tirely carefree and imapprelicnsivc. 

7’/j'=. 84 raa'=.96 

91. Feelings of inferiority — 

1 Child's .average appearance and activity seem to indicate that he 
has rather deep-seated feelings of inferiority. 

4 Average. Child seems to feel neither inferior nnr superujr. 

7 Child's average appearance and activity seem to indicate that he 
has rather deep-seated feelings of superiority. Conceited, 
Oj'=- 50 rfla'=.83 iv.j =-36 /■j,:„=,69 
100,2 Nervous laughter — 

7 Cliild frequently makes use of a short, ncrvou.s laugh or giggle 
when nervous or embarrassed (especially in a social situation). 

4 Average. Child occasionally reacts with a short giggle or laiigli 
when embanassed or nervous. 

7 Child never makes u.sc of a nervous laugh (u giggle. 

r"jj'=.58 ray=..n /■,i„.:=.44 

101. Nuinbci- of interests — 

/ Has many intcrc.st.s or favorite occupations. 

4 Average. Has as in.iny interesLs as innst ol the other.': of hi.': age. 
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7 Has only a lew intcrcsti; limUed lo a ‘ung.t’’ 
or to Innctlvity. 

?jj.=:.74 rw— .87 


106. Ofilooklng— , , , , 

i Child is very oficn a afvcclator o( a ismup. <ir ml anf-tftrT iJjiJtJ, 

4 A.vcrRgc umourtt a[ fpctuwf adis'iir. 

7 Child is rarefy n speclawr of a urouP^ rh)Ul ; riibrr 

joins the child or Broup, or plsj^ by wlf. 

Pjj’=.^7 rM.=.94 f**™/*^ 

107, Inertia of continued inicresi or wcupadVifl"' 

1 Child tends to corilinue automaticaily. by inerfjj. in ihr rwtiip.a' 
lion (or lack of occupation) in which he find*, l„arb 

flexibility. 

4 Average inertia i average shifting of occufalud. 

7 Child IS extremely ready to alter hw octu^li'Hl nr lnirrr'‘i, 
suitable stlinulntion. Entirely free from meiiia. 

112.- Standards in work and play— 

1 Child evidently has exceptionally high Mandard^: l9ir'> lo aililrve 
a high standard of perfection In his u'urk and play; irir^ 1^ 
thorough, and achieve a polish and finiah. Likely in njiciiiiiT 
speed for quality. Not at all sloppy, careless rough-;3irid 
uncritical, etc, 

4 Average. Child's standardt (n work and piny nrr n«'t hi^lwr 
(uor lower) tbaa those of othen of hU age. Child ’t>av:riti^rc* 
thoroughness or polish when in a hurry. 

7 Child hns exceptidnally low clandudii in hL wnik iu«l pUy’; 
does not try to be thorough; neelecia pdliih and IlnUh in I'li^ 
activities;, accepts low quality performance; U ab'pny, t»r carr 
less, or rough-and-ready, or uncritical, liBsty, ric. 

?w.=.62 rj,.=.93 Pv.=.37 rs.^s.70 
117. Self-confidence — 

1 Child feels cocksure of liimscif; is cxcepiionwlly scll-tf'idiilnii 
even when exercising caution; over-ctmficlcnt. conceited. 

4 Avcr.age. Self-confident in what he finds ens)', bctoiue^ a liulr 
doubtiul under difficulty. 

7 Behavior h unsure, tentative, hesitant, faltering, inhibiinl. Cliild 
It matkcdly lacking in seU-confidoicc. 

■ fjj-=.76 r„.=.B7 ?v,=-59 

121,; Ambition— 

t Child is ambitious in its undcrinVinp, fs willing in iri ihint;-. 
that arc hard to do; piles blocks cxcepllonnlly hiRh. eu>. 
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4 Avcrfige, Is fairly moderate in his umlertnlcings and efiorts. 

7 Child is exceptionally unambitious. Clinractcristiciilly under- 
takes only what is easy; is satisfied vvitli a low pile of blocks, 
a half-filled wagon, a very moderate speed in pulling his ex- 
press-wagon, etc, 

rjj<=.02 raB'^.92 

124. Imagination— ' 

1 Child is imaginative; e.^., impcrsoiintcs his toys, piays many 
"make-believe^’ games, has Imaginaiy playmntcsj or can even 
make up Ids own f-airy talcs and fantasies, etc, 

4 Average, Plays ''make-believe” games to some extent, but does 
not impersonate his toys much; has no imaginary playmates, 

7 Child is unimaginative, matter-of'f,ict, "liard-boilccl'' ; rarely 
plays "make-believe"; distinctly lacking in imagination. 

fjj-=,66 rB3'=r.77 fj,j,=:.69 reK=-992 

130. Use of facial expression: effectiveness — 

t Child's facial expressions arc clear, readily understood, excep- 
tionally effective in communicating feelings, wishes, InvItatlonSi 
etc, 

4 Average. Facial expressions arc clear and effective for major 
emotions, but less clear In communicating feelings, wishes, In- 
vitations, etc. 

7 Child's facial expression Is clear only In case of the gniss, simple, 
major emotions. Facial expression (or lack of facial expres- 
sion) is exceptionally ineffective nr misleading in C()mi\uinicatinj» 
sliades of emotion, or wishes, jnvit.itioris, etc. 

ras'— .03 rj,j.~-49 r!in=:.81 

In Tables 1 and 2, we amplify or supplement the 
statistical data already presented for each trait in the 
immediately preceding pages. The traits in Tables 
1 and 2 arc numbered to correspond with the number- 
ing of the traits just defined. The notation employed 
in the tables has already been fully explained on pages 
12-13, 

Perhaps the most impressive fact to be observed in 
Tables 1 and 2, and in pages 14-21, is the wide differ- 
ence in resulfs for difjcrenl (raUx, Wliilc there is no 
guar.anCce that the same differences would be observed 
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in a larger sample of children, ncvcrUicicfS ii rctiuirci 
recognition that llic striking difTcreners *dMrrvcd be- 
tween traits cniuiot be due, even in p-iri. i»» 'jrdinarv 
errors of sampling— since our ssmipk »<f tliildren is 
idtiiiUal for each trait. The results eniph,Bi/.c jhe 
desirability, in the present ca^, of tliinkiiig m( relia- 
bility and validity in terms o( spccilit iraiu rather rhan 
in terms of the total Behavior Invensory. 'I hc sanie 
observation is perhaps equally applicable !•( such com- 
posite traits as "introversion,” “ascendance.” etc. ]\ is 
possible, moreover, that even the comparatn'cSy fine 
unit represented by a single Behavior Invcni'iry ir.iii 
requires further analysis; for diicussioii of this pro!)- 
lem, however, the data of the presem repon arc m\ 
adequate. 


B. Ratings of Individual CiiiijihlN' us 
THim-oNP: Tiuits 

It is desirable to consider individual thlTcrcnccs 
;atnong children in the same way that we have 
considered individual differences among ir.i(is. Mach 
chdd was rated on 31 traits, and then rc-raicd, "I'Ik 
;; qprrdation between the ratings and re-raiing^ fnr a 
: giyencluM supplies a measure of the coniii^icncv with 
which that particular child was rated. 

; In Table 3, the ccnsistcncy corrclatiuns ..f ilu- nur- 
sery^chool tochers’ fatingj are presented fnr well in- 
dmdual chU; this table is analogous m Taltlr | 
which showed the consistency cl nurscry-sdinnl te.n li = 
^s^r^ingsioc each Iridiviclual irml. The tmtnii.m 
Table 3 is to be read the same as thai in i - 



CoxsisTEKCV ix Ratiisgs of Each of Thtrty Children^ 
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thus VAA’ sigiiihes the correlation between judge A's 
first ratings and her re-ratings; MDa.v signifies the 
mean dilTerencc (without regard to sign) betwecii A’s 
first ratings uinl her re-ratings; etc. (ef. pp. 12-13), 
Inspection of Table .3 shows that the differences in re- 
sults for dififerciU children are fully as great as those 
for diflerent traits. 

Turning now to a consideration of the agreement 
between various teachers (as eoiitrasted with the con- 
sistency of a given teacher), wc find that here, too, 
the agreement varies greatly among the children. In 
Table 4 wc find, for example, that judge A’s ratings 
of child No. II on 31 traits correlate with judge I3's 
ratings of the same ehiki on the same traits to the ex- 
tent Ilf r.i» — .82; for child No. 10, however, the agree- 
ment is much lower, vi/., r.u< — .57, Table 4, giving 
the statistical infnimation for individual children, is 
analogous to 'I'ahle 2, giving the corresponding in- 
forinntinn lor individual traits. Inspection of 'I'iible 
4 shows that the differences in results for dillereiit 
children are fully as great as those for different trails. 

The wide iinlividual dilTerenccs among children 
observed in 'I'ahles 3 ami 4 are in our opinion among 
tlie most signiliennt findings of the present investiga- 
tion. Wc liave seen many studies which emphasize 
the difTering capacities jiulges to rate and the dilfer- 
ing susceptihility of trails In rating. 'I'lie ei]ua]ly im- 
portant fact that there are great individual dilTcrcnces 
in the accuracy with which different persons can he 
jiulged has not (outside of clinical circles) received 
tlie attention which it rei|iiires. If we may accept the 
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results in Tables 3 and +, it appears that ihc reliability 
and 'validity of rating ace as mucli a function of the 
sample of nibiecU as of raters, traits, ennditions of 
rating, etc. We need intensive invcsiigaiion of the 
factors responsible for individual tlilTcrcnccs in * r:Ua- 
bilityr 

G. The Age Factoe 

A comparison of the mean figures at the iKUtoin of 
Tables 1 and 2 with the mean figures at the biuium 
of Tables 3 and 4 is of Special inicrest. It might be 
suspected that the coefficients of correlation in Tables 
I and 2 are affected by a spurious age factor Un spite 
of the direction to the teachers to rate each child in 

comparison with others of the same age cf, page 7). 

If such a spurious factor were operating, it# clTcct 
would be to inflate the r's of Tables i and 2. In 
Tables 3 and 4, however, the r’s are surely nut su af- 
feeted, since every r in these tables is based on ratings 
oi n single child only; so far as each r in these tables 
is concerned, age has been "held constant." Hence, 
■yce should expect, in the event of n spurious age factor, 
that ther’s In Tables 3 and 4 would be somewhat iosver 
than those in Tables 1 and 2. And this is actually ilic 
case; but the difference in general is not great; and 
there are other passible explanations for the tiilTercncc, 
besides the age factor. 

^ One of the other possible cxplonutionH ia based on tlic faul lluit 
Ugh coefficients of correintion tend to be associntci) witli liipji Nl.-mii- 
ar deviations (5, p, 225). Thus, it is conceivable that i)ie rniitiu** 
for one child may hover around 3. with a comparatively Imv rniul 
ard devintioni the ratings for nnothw mny hover nrouni] 4. ir/ih 
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a low stnndnrd deviation j etc. When, however, the ratings for all 
children on a single trait are involved, the standard deviation of 
the ratings may be comparatively high, Examination of the average 
d's at the bottom of Tables 1-4- suggests that this factor, while 
present, is influcruinl to only a slight degree. 

Another possible explanation of the difference in mean r's of 
Tables I and 3 and of Tables 2 and 4 is that, while regression is 
linear in the correlations of Tables 1 atul 2, regression departs from 
linearity in Tables 3 and 4. Inspection of the correlation charts 
from 'wliicli the r's were computed fails, however, to substantiate 
this possibility. 

The other possible explanation of the difference in mean r’s of 
Tables 1 and 3 and of Tables 2 and 4 rests on the fact that a 
difference between r's of (say) .70 and .80 is not, in any important 
sense, equal to a difference between r's of (say) .10 and ,20, Sup- 
pose, for example, that the r's for individual children vary more 
than the r's for individual trails. Then the mean correlation for all 
the individual children may be spuriously low in comparison with 
the mean correlation for all the individual traits. It is desirable, 
therefore, to convert r to a linear scale. When re-nicasurcmcnta 
arc Involvcii, this is customarily done by substituting %/!— -r (or 
/•.* We have made this stilistitution for the r's in Tables 1 atul 
3, AVitli results as stated in footnotes to these tables. The figures 
fur the llicoretically proper mean'* values of r arc in general sligluly 
lilglicr than the untorrcctcd mean values; but the diffcre/ices between 
the corrected mean values in Tables 1 and 3 arc only slightly smaller 
than those between the uncorrcctcd. 

The same type of analysis was continued for the r's of Tables 
2 and 4, except that here we have used \/l — ° rather than 
\/I — '■ to convert r to a linear scale, The use of ■\/I — A is 
customary when comparison is made not between re-measurements, 

■*rhis substitution is based on the fact that the standard error of 
measurement c(iuals (in Garrett's notation) ifiVl — ry^. Cf. ref- 
erence 3, ]). 275. 

“The unweighted mean was used because ii, the number of eases, 
is constant, and because the lefincment of weighting each r in- 
versely as the square of its probahlc error was considered prohably 
superfluous, 

“The ctjcITicieiu of alienation p. 174). 
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but bcw«n mcasurcn.tnis by ilifftrcnl iminmwrmj (s.itb ai 
cnt intelligence tests, or Jiffcient juilwc^, ««■)* ihwcnvally 

proper mean vMuk npvin exceed ihc uficnrrcclrd (hi. rune 

quite definitely. Moreover^ the diRerenoa hehircm ihr ilicnrrrrcally 
proper mean values lor Tallies 2 and 4 arc drlinitcly ^inallrr ihan 
the differences between the uncorrccicj wean valiwi jjivrn m (hrsc 
tables, This suggests that, BO lar w (he aRiecwml briwrm iliWeieni 
iudges' ratings of imliviJual inii« w concerned, the a«,c !jii'r««r i' lr‘,H 
important than fln uncritical compArlsan of ’1 ablM 2 ami 4 lui^jln 
suggest. 

It must he lemembetcd that, at the very inusi, tl\c 
age factor can explain only the differtnre hctwccii the 
mean j-'s at the bottom of Tables I and } anil i>f T-iblcs 
2 and 4-, The age factor cannot, in general, account 
for any but a small fractioa of the degree of rchuloa- 
ship shown for individual trails in Tables I and 2. 

SUMMAKV 

The present section is concerned with the cntisisiency 
of nursery-school teachers’ ratings and the agrcciucrU 
between teachers. The unit of siaiisiical irearniciit 
is the individual trait, and the individual child. Cxjr- 
relatioh coefficients for the individual trails were ob- 
tained by correlating the ratings for ihc various chil- 
dren on the particular trait in question. Cnrrelalioji 
coefficients for the individual children were obtained 
by correlating the ratings on the various trnifs for llic 
particular child in question. 

For individual traits, the consistency corrclaiitui be- 
tween a single judge's ratings and re-nuings, made 
ftom one to two months apart, is about .70. TIterc 
are, however, wide differences in results for dilfcrciU 
traits. If the ratings of three teachers arc pooled, llic 
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consistency correlation comes to about .85 on the aver- 
age, again with wide individual differences among the 
various traits, The detailed presentation of these 
facts is given in Table I. 

The agreement, in terms of correlation, between 
one judge’s ratings of a trait and another’s averages 
somewhat over .55; the agreement between the pooled 
ratings of three teachers and an infinite number of 
other teachers is estimated, on the average, as over 
.80. Certain traits arc rated with far more agreement 
than others (cf. Table 2). 

For individual cluldrcn, the consistency correlation 
between ratings and re-ratings, made from one to two 
montiis apart by a single judge, averages about .65; 
this rises to .80 if ratings by three teachers are pooled 
(cf. Table The correlation between one judge's 
ratings of a child and aiuiihcr's averages over ,50; the 
agreement between ilic poidcd ratings of three teachers 
and an inlinitc luiinbcr of other teachers is estimated 
as over .80 (cf. Table -1-). 

The differences in results for different diihlrcn arc 
fully as great as the differences in results for different 
traits. It is llierchH’c evident that tlie reliability and 
validity of rating are as much a function of the sample 
()( subjects as of trails, raters, conditions of rating, etc. 
This is .1 point which docs not, as yet, seem to have 
received adeijuale emphasis. 

A study of the possible inHucnce of a spurious age 
factor in the correlalions for the individual traits in- 
dicatcil iliat in the present instance the effect of this 
factor Jinosi, in general, be small. 
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The discussion in the preseiu sumni.iry nmi in ihe 
text has been mainly in terms of ihc aicflicient n/ cor- 
relation. For those who prefer it, luKvever, the aver- 
age difference between judges’ ratings li.ii? nlsn heen 
included in ail the tables of (lie text. 



Ill 

CONSISTENCY IN THE "STARRING" OF 
TRAIT-RATINGS 

Perhaps the most Intcresiing feature of the present 
study is the "starring" of ratings for outstanding traits, 
It will be rccallcil that each nursery-school teacher 
was rciiuostcil to aflix an asterisk or star to her rating 
of every trail wliich, for the particular child being 
rated, she considered of "central or dominating im- 
portance" in that child’s personality. Is a nursery- 
school teacher able to make, with reasonable consis- 
tency, this rather line judgment of the importance of 
an individual trait for an individual child? The 
answer to this question, for each teacher separately, 
is contained in Table 5. 

Tabic 5 h clear ermurh in ils I'cncrnl iinplicalion. loir purposes 
ol (Jisciisi'iiin, slifill restrict niirsclvcs lu tile diilii irt '^Irtlilc 5 lor 
jvulac H, In vhift \wucv»l‘,u U\bk \t is tviilcwt ihai ihc actual Itt- 
qucridcs in tiadi cell nf (he liiur-lohl nililc depart dcliiiitcly from 
vciMihl be expected by llir ii|icriniiiii nl pure clmncc. Never- 
tlicle>>s, inspcclioti inrrely of the niarttirKil frciiucncics is sullicient 
If) show that jiidne P's cunsisicnty is l.ir from perfect, With per- 
fect corisisirncy, llic niarttiiial frcipicricies for IPs rc-ratinns fvould 
be 127 ami KHd, iiislrad of (as iliey arc) 96 ami U3+. Ju(l|;c H 
starred 31 iniiri! of her first ratings than of her re-ratings; It is 
evident that the standard for inclusion in the starred catcgiry was 
mure lenient for tlic lirst r;vtina> than fui the second. Accepting 
this chani'c of standard, u*e may now properly inquire, what is the 
higlicst cocfliciput (if cnnlingmcy tvhk’h it is iiossible to liml under 
the ciimlilinn of tills particular change of standard? 'I'lie answer 
is given in 'I’alilc '>i\, which is ;in arlilicial or liypoihelical table 
willi the same iiuni/imil (reiiuencii's as in 'I'alile 5 for judge 11, hut 
with f'r//°fro)iirii('hs adjusted in yield the highest pdssihic contin- 
gency coeflicieiit. The. cuenicient of nwan square contingency for 

[.13] 
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TARLE 5 

Consistency of Starrinc op 'fRArT-RATiNns 


1 

first Ratln 
Starred 

Sai Judge A 
Une tarred. 

Total 


162 (210)*' 

6S0 (632) 

Qd2 

Storrel 

70 ( 22) 

~1 b 7 66)' 

80 "" 

Votsl 

332 

668 

930 


Ooef» of mean aq^iare contingency* . • - 
Ooef* of tetrachoflo oorrolntLOQi 4 • » *73 


Tlret BatliUB) Judge B 



Starred 

Unetarred 

Total 

Obetaired 

66 (lU)* 

766 (720) 

634 

Starred 


KlCEn 

"96 

Total 

127 

603 

930 

X 


PI 


Goef. of mean square contiogenc/ 4£ 

Coef« of tetrachOrid correlation* », • *79 


first HatingBi judge 0 



Starred 

Unatarrod 

Total 

UUstazTsd 





B9 ( 21) 1 

KlJKbH 


Total 

134 

793 

936 




Qoef* of mean equare conilngsncyt.*. i30 
Ooef. of tetradiorlc corrolabloni , , * *66 


pflcenlhcBea InitlCBic ihe ccll-lrcciuenry m Im c)i|it;c|i9tl Iij' 

1The hl£h«at ponihle cwIRcUtH at coniinRcncy in a 2 x 2 lal.k I. .?r« 7 . 
Due to asymmetry of tlic marsinil rilnrili\iUon». ihc liiftlieoi t.' f-.r 

judge A le ,49; for D, .65; fat C, ,65. 
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‘rAIlI/K 5A 

IltGllKST I’UJiSlin.lJ Olhl-HeiFS'T OF CONTINOKNCV FOR JUIKIli U 

(CF. Tarlu 5) 


firat Iiatlngs 



Starred 

tfastarred 

Total 

UDstarred 

31 

603 

B34 

Starred 

96 

0 

96 

Total 

137 

003 

930 


Coefi of mean^aquare conUngencyj for the 
hypothetical Table 5 A .66 


Table 5A is .55. TIik liij'lirsi pdsMbIc cncfTiuent (if ccmiln^ency, in ii 
syminciricii! four*ftilil lablf, is .707 (7. p. 55). Tlic (liffcrcncc, then, 
bciwccn .707 nml .65, is .a ineasiirc (if the effect iif jiiJixc H's incon- 
sisiency of st.imlniil (or starring, llui tlie coeflicicnt of contingency 
for indue II in 'I'alilc 5 is not ,55, it is .45. The (liffcrcncc between 
.65 niul .45 is n lucasiirc of judiLtr Il'.s iiiudiisislency, apart fniin the 
incdnsisieiicy nf her siamlanl for inclusinn of ratiiifis in the starred 
ciilcf,'dry, 

III iiddition lii ilic dilTcrciia: bciwocn tlic liif,dicst 
possible anti liic iu-tual coiitinf^cniy cocflicicnt, use lias 
been made nf the cdcHiciciiL of tetrndioric correlation 
(I), This coen'icient, for H, eipials . 79 . 

The tliuii for judires A anti C have been ^Iven the 
same statistical ireatiiieni as oiitliiieni above for judf^e 
H, 'Hie riisiills are recorded in Talilc 5, 

Table S (Jne.s not, on the whole, eiu:ouraj;e very much 
conliilence in a sinf'le judi^e'.s evaluation of the impor- 
tuncc of a particular trait in the per.sonality of a 
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paiticulac child/ But is it atiJI possible ilint die 
TAIILK 6 

Consistency of "Siqnificascb Scows*’ for Ratimv?; of Indi- 
vidual ClllLDRBK ON UmviOUAl. ‘I’r.VITS 

rirnt RfttLnge 

No. of «);&rriQ« tboir 

ratlQ^a of a ttalt for a child 


ta 

0 

1 

2 

3 

Total 

fef = 


m 

16 

1 (*f-) 

15 

! £0 



j^i 

0 S «l ^ 

• u 

Qri p 

S 

II 

(fd) 

15 

W) 

to 



50 

(fJ) 

4S 

(3 3-) 

31 

(/x) 

5'^ 

t j*) 

734" 

111 

Ik-L 

531 

WJ-3) 

IQQI 

24' 

(<0 

1 

~3 

(as) 

i'” 

Total 

581 

IZS 

8^ 

AX 

<130 


Qorf , tt TDfean Bcpiaro con^in^ioncyi > . . « ■ . > * b6 

£ (conputed from tho 4 i: 4 fcabja by the 

Tiaual prodiiflt-nioiaeat fomilft) ,60 

^ *The figures In pprenlheae* Indiciie the ccH-rrcflunjtF lo b« cKnci^ud l>y 

chance4 

^Conceivably our unit—lhc mdividuftl lrari'rfltio|i~-is (iki line m 
reveal the full extent of the teachers' consistency. A teacher 
for example, star her rating for "physical activity’' nt one time; iiihl 
at another time, star her rating /or "number of InicreM’*." 'I’lir 
result would Constitute n statlsticnl inconsistenej’, allitouuh actiinlly 
the inconsistency might he comparatively wpcrcihcial . The , 11 %^ rnumv 
between the coefficients of correlation in Tnhlc 7 ami in M'nhlr H 
may perhaps be regarded as supporting this point of view. (' 1 ‘ahlrs 
II and 12 , m the succeeding section, show similarly dii^repant curlTh 
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consensus of judf'nicnt by three teachers is sufficiently 
consistent tn deserve more scrums attention. Suppose, 
for example, that two of the three teachers starred 
their ratiiiKS of a certain trait for a certain child. So 
far as the importance (»f this trait for the particular 
child is concerned, the '‘siifnilicance score" may be 
considered as 2. Upon re-rating, will the significance 
score also equal 2? The general atiswcr to this cor- 
relational question is given in the 4x4 table on page 
36 (Table 6). In Table 6, the number of times a 
given child’s ratings on a given trait were starred at 
the first ruling is given on the X-axis; the number of 
times a given child’s ratings on a given trait were 
starred at the re-rating is given on the Y-axis, The 
cocflicieiit of mean square contingency, fur Table 6, 
is .5.5; (lie highest possible contingency coeflicicnt for 
a 4 x 4 table in which consistency is perfect would 
be .H66” (7, p. f/i). As a matter of interest, the coelTi- 
cient of corrclatiiin f<ir 'I’ablc 6, computcii from the 
4 X 4 chart by the usual product-momeiu forimila, is 
.60. 

(Jur unit of discussion, up to this point, has been 
the irmt-child i.c., we have studied the consistency of 
judges' starring of ratings of u\il'm(tna( traits for indi- 
vidual chihlren, We plan, now, to broaden this unit. 
The question to he answered is: How many times 
were the ratings of (say) trail No. 1 starred for the 
enlive group of chihlren? What is the consistency of 

"U*lir liinlirsi iKiNHiMr cuniinai'iii'y oirflicicMU fur ii 4 x 4 lable 
will) dll' .Mdir liiaiiiiiKil frctiiM’iivics :ts ilui.sc of 'J'hIiIc 6 

h .70, 
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this number from first ralirg io rc-raiing? 'Vable 7 
presents the facts. For any individual teacher, the 
consistency is comparatively low— the highest r is .56. 
TAHLE 7 

CONSISTDNCY WITH RHC/^flD TO THU Nl/MHIiR OJ' TIIK 

Ratings of Each 'Piuit Wf.mk ST.\fiWFM 


Judge Vsrittble 

Mean Median 

S IV 

. No. of Jiarrcd fim rtlini{» 

7.S 

7.1 

4.(1 

" No, of Jlarreil re-uiinri 

2.S 

3.4 

2) 

o No, ot slatrtd ftril 

° No. of Kflrred re-reUnt* 

4.1 

4-1 

M 

J.l 

3.« 

2^ 

n No. of iiarred Tirsl raiingi 

4.1 

31 

4.1 

No, of eiQircd rt-i»itngi 

4,7 

4.4 

J.l 

A| B, Ic C, No, of jiirred fitsl raiings 

i) 

4 7 

2 4 

combined* No. of lUrreJ re-riilnRi 


1,7 

2.1 

*Kean oumbei of Karred riling* (ot each iraU by A, 

M. «nd 

c. 


For the combined judgment of the three teachers, how- 
ever, the coefficient of correlation is .71. 'I’hc con- 
sistency correlations would, of course, be expected to 
be somewhat higher if the number of children being 
rated were Larger. 

Let us shift the unit of discussion, now, from trmt 
to chiU. The ratings of some children arc starred far 
more often than the ratings of others, For cxnniplc, 
in the case of the re-ratings for a certain cl\ibl, tinly 
one of the three teachers starred one of her trait-ratings 
for this child; whereas, for another child, no teacher 
starred fewer than 16 of her 31 re-ratings lor the cliihl. 
Are the nursery-school teachers consistent in the num- 
of times they star their trait-ratings for a cliild? 
The coefficients of correlation in Table 8 give the 
It will be noticed that the r’s in Table H arc ddinitcly 
higher than the r’s in Table 7. Part of this, pr<Uv.\hly, 
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is due 10 ihc sumcwliai greater individual differences 
(hifilier S.D.’s) among children than among traits 
(cf. 7'ablcs 7 and H). 

'rAiiM-: H 

CoNSlSTIiNCV WITH RkoaRO to tub NUMniiR OF Timrs the 
' rWAIT-KATlS*f;S OK KaCII CiII 1.II WfiHli STAHRlirJ 


JudKc 


Vaiiahic 

Mean 

Median vS.I). 

r 


No. til 

hi ittiinx* niarictl 

7.7 

7.5 

i.6 

.76 


NVi, n/ 

rcWdiinf;i iiaiml 

2.9 

1.7 

4.1 

n 

Nn. cif 

lit raiinRii Hatred 

•1.2 

2.1 

S.l 

.86 

No. of 

rc'taiioR* tiarred 

J.2 

1.5 

4.8 


N‘o. n( 

ht raitiiK* riarrcd 

4.5 

4.7 

3.2 

.74 


No. of 

iC'iaiioKi kiarred 

4.9 

3.3 

4.5 

A, 11. k C. 

NV of 

hi taiinMi marred 

S.$ 

4.5 

2.0 

.19 

cJimliircil* 

No. of 

re*ralin))a Hatred 

3.7 

2.5 

2.0 

nuinl’cr «( (mio ^idirril for each rhihl Ly A, 

M. a 

nd C. 

(The 


tUlinical c<iittiflni» Rocn in ihr Iim hv» lines e/ ilie (sMe ^'rcrc comtiuieii 
doin Rrflii|ieil ilau; the nihcti, from onKrourcii iIdU.) 

A summary and evaluation of the darn In 'rabies 
S-8 are not easy. Persons with diHfcrcnt standards of 
statistical judgmciil will conic to different conclusions. 
To some, the aiellicienis (or consisicncy o( starring will 
appear rather low, or even very low. Others, on the 
contrary, may feel reassured from the fact that the 
degree of coii.sisieney found is certainly well above 
thatdue to cliaiuc (in one instance, as high as c— .89) ; 
and alst) frtim the oh.servall(m that conventional statis- 
tical treatment may not reveal llic full extent of the 
consistency that really exists. ]''or ourselves, we re- 
gard the ohlained eoeflieieius <if consistency as indi- 
cating, at the very lca.sl, good research possihilitics, 

The study of the starring of trait-ratings has been 
resiricteil to an invesligaiion of self-agrccincni, ur 
consistency. 'Hie jimhlein of inier-judgc agreement 



in the starring at trait-ratings will be reserved until 
results for the full 231 trails of the Behavior Inventory 
become available, 

SUMMAUY 

The directions for the California Behavior Inven- 
tory require the nursery-school teacher \t\ allix an 
asterisk or star to the rating of any trait which, for 
the particular child being rated, she considers of 
special significance in that chihl's pcr&onalilY. The 
present section is devoted to a study uf the consistency 
of evaluating trait-importance, or in other wnrdii the 
consistency of '‘starring” For this purpose, three 
nursery-school teachers’ ratings and re-raiingii of M) 
children on 31 traits are available. 

The consistency of a single teacher's starring of iiv 
dividual trait-ratings is loo low to encourage conli- 
dence. The pooled judgment of the three teachers is 
more satisfactory, but still far below crjiivcntiimal 
standards for a complete mental test. As measured 
by the coefficient of contingency from a 4 x + 
the consistency of the pooled judgment is .!!5. ('rile 
highest possible coefficient of contingency in ;i sym- 
metrical 4x4 table is ,866.) 

To evaluate the importance of an individual Imit 
for an individual child requires a rather minute judj;- 
ment; to evaluate the general importance of an indivi- 
dual trait for an entire group of 30 cliiltlreii slunil.l 
be easier. Each teacher’s evaluitiou «( the Kei\ev.vl 
taportance of a trait was obtained simply by cminliii); 
the total number of times she starred her ratings nf the 
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trait. This number was correlated with the number 
of times she starred her rc-raiin);s of the trait, The 
ctjrrclaiinn, for the iiulividual teacher, averages no 
higher than around ,5(1. h’ltr the pooled judgment of 
three icaclicrs, the consistency correlation is slightly 
over .70, 'I’lie ciinsisieiicy correlaiions would, of 
course, he somewhat higher if the number of children 
rated were greater than 

A companion prithicm to the one just discussed is 
the consistency of the total number of trait-ratings 
starred for each individual child. The consistency 
correlations for this, interestingly enough, are much 
higher than for the individual traits -being around 
,79 for an individual teacher, and .H9 when the judg- 
ments of the three teachers are pooled. 



IV 

the consistency of COKt‘Tin-:NCTv 

RATINGS 

The nursery-school icachcrs were a^kcil lo intlicaic 
on a three^point scale ihc degree nf conlidtiuc wah 
which they rated each trait fat each Knr enn- 

venience in discussion, the confidence-ratings accrun- 
panying the first trait-ratings will lie tcrnicd '‘iniiinl 
confidence-ratings," and the confulence-raiings accom- 
panying the re-ratings will be termed '‘omlidcnvi' rc- 
ratings.'* The same questions present themselves 
concerning the confidcncc-rtiiinp as have been an- 
swered in the previous section cm the starring of 
trait-ratings; and a simitar technique tif invesrig.itirui 
and presentation will here be employed. 

The upper portion of Table 9 shows ii\c agreeinrni 
between judge A’s initial confidcncC'ralings and her 
confidence-re-ratings. The total number of confidence- 
ratings by A, for which confidence -rc-raiinjis \Ycre 
made, is Using the coefficient of mean square 
contingency as the measure of relatkmslup, we (ind 
that judge A's consistency equals a cocfliciciii nf .42. 
The highest possible coefficient of conliiij'ency ifi a 
symmetri cal 3 x 3 table is .816 (7, p. fi6) ; the liii^hcst 

"One of the nurscry-schoal icaclicrs (jujRe C) rnatli- lirr oifi- 
Weacft-mirigs pimoly vn the Wi9 oI die irait bein;! f.oril. 
out_ talcing into account also the cliiW heing raicil. Sincr h w.v 
desired that the ^yo^lc q[ rating shtmld, ^ Ut nn imMildr. In* vid.in- 

sylf-motivatcd, ro obiection to ilih intthml i,Orrin* rd. 
r “ occaiional omiidan« uf umlidrnv,- 


[421 
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i AHLK 9 

CONSISTKNCY FIF 0),SHIIHN*CR-R ATINfiS 

Lm j I iilHh I TatAl 



telal lei 4«2 ero Clfi 


CMf'/ltlaMl «/ R-Ma «M)llaK<*^47 liS 


U» } AVRMSB I nill >1 I tOlRl 




leSpnc pf »»«’■< ii-*»'‘a 


*Thc IIkuie* 1m [lairtHlirkri Imlii'aic llu crll-frc<i\iriir>- (■■ lie ci|iptlcil liy 

cliftftrr, 

1 1 llp liiKliril I'l'nil'lr t iiril^i iriii ■■( H* u ] E 1 i;ililr i« ,KI^, 

Due III »*) iiiiiiriiv III ilic ii»3i(^iiiRl >liilfil«iiliiiH", >Ur liinliK»l |iiiii!iililc (' lur 

jutliif A h f'i» H. -'If’! I'H jmlii* 
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possible coefficient far a 3 )i 3 ubic with llic marginal 
frequencies in Table 9 is .62 (cf. fable >, rinn). 

The data for the consistency of cnnliilcnci- raiings 
by judge B and judge C arc also prcsciiicl in Tabic 
9, similarly to that for judge A. 'flic tncfliiicni of 
mean square contingency for judge U is .37; for judge 
C, ,09. Evidently, as in ihc case of the starring of 
trait-ratings, the consistency of ibc C'>nfidciu:(vr:\iiiigs 
for individual trait-ratings of individual cbiblrcn h 
low. This is particularly (rue of the conlidcncc-riU' 
ings by judge C, 

Omitting judge C's confidence-ratings, we bnvd in- 
vestigated the consistency of judge A's nml Ifs inm- 
bined confidence-ratings. Suppose, for example, tliai 
both judge A and judge B rated a ccrlnin child on 
trait No. 1 with high confidence, and rc-r,iicd this 
child on this trait with the tame degree of cnnlidcncc. 
This agreement would be tallied in the “Iligh-'lligir’ 
epU of Table 10. If judge A rated a cltihl on a trait 
With average confidence, while judge H rated this 
child with high confidence, the combined cunliilcnce- 
rating is “above average”; if the judges rc^nUed lliis 
child on the trait with the same degree td ennfidem e 
as in the first rating, then this agreement wtjuhl he 
tallied in the “Above Av.-Abovc-Av.” cell of 'l‘:dilc 
10. The coefficient of contingency for 'rable 111 is 
.49. The highest possible coefficient of comingcncy 
in a symmetrical S x 5 table is .894; the highest jins- 
siblc coefficient in a table wdth the marginal frequen- 
cies of Table 10 is ,92. As a matter of inieresi, the 
Product-moment correlation for Table 10, cmipmed 
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TAHLE 10 

CoNsrsTCNCY OF Averaoe Confidbncb-Ratings op Judges A 

AND 13 

Average Oonfldenoa-Eatlng 



Loi? 

Belovr 

Av. 

AV. 

Above 

Av. 

High 

Total 

S’ 

•H Hleh 


II 

34 

51 

80 

I8i 

g 

Iff 

Ij?) 

l7/) 

C‘fi) 

(i7) 


<i Above 

14 


188 

134 

4Z 

447 

” AV. 

01 

(/?) 

ill) 

0 Tf) 

{HQ 

0-n) 


s , 

fipj Av 

1.5 

38 

12.4 

51 

17 

245 

fQ Jkw 9 

1 

on 

(3f) 


iUH-) 

{37) 


g BeloT? 

1 

14 

15 

0 

0 

36 

Av,' 

U) 

(4) 

04) 

w 

is) 


fli w 

4 

15 

1 

0 

0 

20 

% 

(/). 

(3) 

(?) 

is) 

(3) 


(Total 

40 

147 

362 

242 

\3<\ 

^30 


Coef. of mean square contingency *49 

r (computed from the 6 i- B table by the 

usual product-raoment fornrula) 44 


*Thc figures In pni'entlieses Indicntc the ccll-freqiicrcy lo be expecicd b/ 
chance, 

from the 5 X 5 chart by the usual formula, is .44. 

DifTerent traits and different children arc rated 
with varying degrees of confidence by the judges. For 
each trait the unweighted average confidence with 
which it was rated for all 30 children was correlated 
with the unweighted average confidence at the re-rat- 
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ing,^^ The results, shown in Tabic 11, may well be 
considered disappointing. Similar coi rclaiions, bnw- 

taulk n 

CoitBU'cEticv OF Tbaciiebs' Avkmob k»b 

Each op Tihutv-okib TsAirs 


Judge 

Variable 

Mesa* 

bftdistl* 

fiM* 


Conf-roiing 

J.22 

lio 

.lx 

A 

Con/.-re-railng 

ZW 

a,}a 



Conf.-raiing 

2.12 

213t 

.21! 

5 

Conf.-rcTinliiR 

2.1« 

2.21 

,20 

A &r B, 

Conf.-raling 

2.10 

3.21 

3J 

cDTnbinedt 

Conf.-re-railag 

U2 

2.42 

M 


Because of judge C's mclhod of toiikinB ranfidfiM-t-jaisufi* ^rl, p H). 
her average confidenct-iBOnBi Uaiu weic. iu K<t»r»at. eiihcr 

I, 2, or 3, wiUout any graduaJion. The of f>unifna<mT for iml^e 

C's tonsUteocy o( confidence in the reilng of each nf ibe 11 iioni {» .19. 

♦Counifng low confidence ei I, average ttiofidcnc* »» 2, and hiKh r«isfi* 
denct aa 3 C/oolnoie ll). 

fMeon or A’s and H's averAj^e CQnfidei>c<*iaiini:« tarh iraii. U'f. 
(ext,) 


ever, between the average confidence wiili which each 
chiid was rated and re-rated on nil 31 ir.iils by 
each judge^* are comparatively lavorablc {avcrrigir)>» 
around .00 — cf. Table 12). 

The results ol the present MClion caucent only die c<*riMsirrit>' 
or self-agreement of conliilenct-mnni?, giving no au«^nlirm m die 
question ol jntcr-judge agreement. The problcin «f iiitrrdmhir 
agreement in confidcncc-tatiugs, like \\m ©( in\cr-)mlKt: a^rrojicru 
in the starring of trait-ratings, is reserved for siiidy vvlirn rrniliH 
for the full 23i traits of the behavior Inventory hetcinje avail.ihh. 


obfain/ng the average confidence-rating for cacit nail. "luVh 
confidence'' was counted as 3 , 'Wra^e” as I, and "IrnY ort>h«lrhv.r" 
as 1 . It IS, of course, possible to calibrate each lenilmr’H cnJlilrtn c- 
ratmgs on the basis ol the /loroia) curve, )hil ihr yorrriniinii he- 
tween average-coiifidcnce-raiines based on raw value?., ami avriayr 
conhdence'ratings based on calihratcd value??, turiv. i?iii ».? W vrr-- 
high (over . 990 ), thus rendering the use ol vidihial<‘»l valuer im 
necBssary. 


amce juctgc ug conridcnccTalinios were, in gcripral. luaOc vviiV 
excluded her confidence-Faiings from the pTewnt ircjiiiiictK. 
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TABLE 12 

Consistency of Teachers' Average CoNFiDENcit-ILvxiNcs for 
Each of Thirty Cmr.DRim 


Judge 

Vnrinblc 

Mean* 

Median' 

S,D.' 

r 


Conf.-rniing 

2.19 

2,20 

.ZB 



Conf.-re>raling 

2.fi0 

2.£S 

.li 


n 

Conf.-rnling 

2.J2 

2.1fi 

.21 

.84 

Conf, -re-rating 

2.19 

2.1B 

.21 

A & B, 
combinedt 

Conf. -rating 
Conf.-rc-raling 

2.11 

2.21 

.24 

.80 

2.39 

2,41 

.16 


'Counting loiv corfidcncc as I, average confitlciice ns 2, and liigh cuiid- 
dcnc:c as 3 (p. 4(l), 

fMcan of A'a onil U’a average confidciicc-rntings for cocli Irait (Cf, 
text.) 


Summary 

The consistency of confidence-ratings has been 
studied by methods similar to those already used in 
connection with the starring of trait-ratings. For the 
average confidence with which two judges rate and 
re-rate all the children on all the traits (n=930), the 
coefficient of contingency is about .50. The consistency 
of the average confidence with which two teachers rate 
a single trait for all children is expressed by a coefii- 
cient of correlation of about .45 (n=3l traits) ; this 
is surprisingly low, in view of the contingency coeffi- 
cient cited above. If, however, the confidence-ratings 
for a given child on all the traits arc averaged, the 
consistency found is moderately high (r=.74 for judge 
A, .84 for judge B; n=30 children). It appears, then, 
that in general the judges are moderately consistent in 
the average confidence of their ratings for children; 
but the dlstnbutioii of their confidence among the 
various individual traits is comparatively uncertain. 





V 

THE CONSISTENCY OF TRMT’RATINOS, 
IN RELATION TO THE SIGNIFICANCK OF 
THE TRAIT RATED AND TMli CON- 
FIDENCE OF RATING 

A. COKSISTENCY IN RELATION 'fO TlUv SlCXlFlCANCK 

OF THE Trait IL\tei) 

The California Behavior Inventory for Nursery 
School Children consists of descriptions of 231 caie- 
goricB of behaviotj termed “traits.” It is too nutdi 
to hope that any one person v?ould, (or any amsider- 
able number of children, he able lo make perfectly 
valid ratings on each of this large number of traits. 
We shouldj however, hope that ratings on traits wludi 
are of special significance in a child's personality 
\y 9 uld be rated with more accuracy than traits of leas 
significance. In the present study, the significance of 
a particular trait for a particular child is indicated by 
the fiufhber of teachers who starred their first rating 
of. the trait for that child “ The prubiem of the pres- 
ent Section is to determine "whether or not starred rat- 
ings are better judged than unalarcctl. This will be 

^®The criticdl reader will question tlic vfiJidll)* of this njcthfuJ 
oi dftssitying the signifiennee of trnits. Wc do nnl oursclvc.-s mij<' 
pose that each individual teacher's judgment is tree from error in 
this connection. Wc do, however, consider that the aiarred ratiriK* 
for particular child (on vht averaEc) to trails iif t'reatrr 
si^ificance to tliat child tliati the unstarred. The basis ,if ihii 
belief Js in part merely obscrvntioniil, and in part siatiKiical. Illus- 
trative of the statistical data m support of this helief nrn the 
on the consistency of starring, already presented in Cliiipler IH. 

[ 48 ] 
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considered in terms of the consistency of the average 
ratings from the three teachers; the question of inter- 
judge agreement for the starred vs, unstarred ratings 
is reserved for treatment at a later time. 

It is necessary, first, to define certain terms. An 
average railing or re-rating for a child on a given trait 
■will be considered to have a “significance score of 0," 
if uol any judge starred her first rating of this trait for 
the particular child in question. (It is immaterial to 
our classification whether or not any teacher starred 
her re-rating of the trait.) Similarly, an average rat- 
ing or re-rating will be considered to have a “signifi- 
cance score of I," if at least one of the judges starred 
her first rating of this trait for the child; a “signifi- 
cance score of 2," if at least Hoc of tJie judges starred 
their first rating of this trait for the child ; and a "sig- 
nificiiiicc score of .1,” if at least three (in our case, all 
three) of the judges starred their first rating of this 
trait for the child." 

"The clrtssificalian of tivcrairc ratings Avliolly on the basis of 
the judt^cs’ first ratioffs is justified by the fact tlint in most preschool 
situations rc-ratliii'S me very seldom made. Wc liavc wished our 
cltissillcation, so fur as possible, l<i have reference to practical cir- 
cumstances and to be repealed readily by other iiwcstisators. 

It will he noticed that the catemorics of starred trait-ratines arc 
not tnvituallj’ exclusive. Thus, if both JiuIkc A niul judsc H starred 
their of trait No, 1 for child No. 10, then the averajic ratinp 
of this trait for child No. 10 would be classified as luivinfr a siEnifi- 
cance score of 1, and also a si|;iiific:uicc score of 2. 'riic purpose 
of this system is to obtain at Ic.ist moderately compnrahlc results 
from the a|)|)licnLion of the same definitions in later studies, y’Iicii 
the luiinher of juil^es niuy be somcudiat smaller (or I'leiitcr) tlian 
three, If, for example, nnly /too judges were available, ;uul both 
of tliesc had .starred (heir rating of n trait for a child, tlii.s trait 
is ]irohal)ly more .shnilar to those in our class of rating's .starred hy 
(It hast two (if three judKc.s th.in to a cLass of riitinns starred by two 
and only livo juducs. 
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We require, now, n statisiicai measure rclaiiuiv 
which will permit ready qiianfuniivc compnrisnrt of 
results for the four classes of ratings just dcliuccl above. 
The first measure to Suggest itself, of course, h the 
coefficient of correlation', another, (he coefficient of 
mean square contingency; a third, the mean dilfcrcncc 
(without regard to sign) between average first raiings 
and average re-ratings; and fourth, (he mean differ- 
ence without regard to sign, in rehlion lo Ihc menu 
diference (without regard to sign) mitflti be 

expected to Qccuv punly by chance* All of these sta- 
tistical measures have been applied to our data, with 
detailed results as given in Appendix C. T’hc present 
chapter, however, has been written in terms of the 
fourth measure. This measure has seemed to us nut 
only the simplest and most direct, but also on ihco- 
retical grounds the most justifiable far prcsciu cum- 
paratWe purposes (cf. Appendix C) . 


The use of the mean difference witliaut rcgftnl in in rrfn- 
tion to the mean diReteticc wlucU miftht bt oipccicU ui vnccly 
by chance, involves the computation of two staiiiklic;\l cunM.inis ; ( u ) 
HDiv — the mean difference without regard lo liign Wnwrcii i\m 
average first rating by three judg^ and ihc average rc-raijri>i; and 
(i*) the chance mean difference without regard in 5 .|gn, Imre ^Mii- 
bpli'zed by CMD^^', TIic chance mean difference bciwcnr average 
ratings and re-ratings may be computed by siibslitulmfr ftir llm ;ii;iuid 
cell-frequencies of the correlation chart, the "indeiK-mleiU'e \ahie^*’ 
or frequencies to be expected by chance (3, p. 19H), uml limit pro- 
ceeding exactly the same ns in the computatwu u[ the .U/^v. 'I’lm 
MDii' 

“T-liTn represents the proporttoti whidi llir. nluainnl 

hiyllJM' 


mean difference is of the chance mewt difference, 'I’lu* prnpuriiun 
of agreement /-eyond wkf m\phf he ex/i^r/erf by vrprr- 
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MiJa’ , 

sentcd by tlv^ quantity I To nblarn ihc ficrarUngr 

of agreement beyond chnnee, one need merely imiliiply tln^ n'tann'ly 

AiPa- \ 

CAfD». / 

In Table 13, we give a compleic rcprcscntaiiun of 
the relation between aU the average Jirst ratings of (lie 
three teachers and the average re-ratings. This table 
may serve more or less as our "siantUrd of compari- 
son," In this table, the percentage of agreement be- 
yond chance is 62. 

The percentage o^ agreement beyond chance (or 
average ratings and re-ratings in the varitms signifi- 
cance-classes is given in Table H. In ibis table a 

TABLE 1+ 

Pbrcbntaob of Aorbbmbnt flBVONp Chance nm Avpra(;r 
Ratings in Various SioNiFiCANCE-Ci.ASsr:s 


CUsa 

All average ralings 


SIgniScance 

score 

of 0 

fir 

a 

« 

II 

" 1 


61 

•f 

II 

0 2 

u 

?l 

II 

II 

ir j 

32 

8i) 


Steady rise in agreement is observed as one proceeds 
from' the lower to the higher significance-classes. 
Tables 15-18 give, in condensed form, the corvehtion 
charts from which the data of Table U were com- 
puted. 


93Q 


% aHrccmptii 
Itesranil ctistnce 
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TAHLE 15 

C0N5ISTR.VCV OP AVKO^MiB KatINKS WITH A "StDNIFlCANCI! ScOIHi" 

OF 0 

Averayo Hrsl Roling 
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TAIiLE 17 

Consistency of Avbraob IUtincs with a .SaH!ii“ 

OF 2 

Avci'q^c V \ t ^ 



TABLE 18 

INSISTENCY OP AVERAGE KaTINCS WITH A ''SirJNlFUWNt K ShiRH' 

&F 3 

Average TirsJ Ral'ing 










STUUY tip TUI! CALIFORNIA nSUAVlOIl INVENTORY 


55 


B, CoxsisTi'.vcv IN Rr;uATifiN to Trrt Conitdenxe 

01- Ratixo 

Here we coiisirlcr, un much ihc same lines as in the 
previous section, the consistency of avci'ay;c trait-rat- 
iiiRS in relation to the conlUIcnccof rating. The aver- 
age ratlnj^ and re-ralings arc> as before, the average 
of the three nursery-school teachers’ judgments; the 
average conliclencc-rating is, however, based on the 
confidence-ratings of two judges only, viz., judges A 
and The basis for classification, both of average 
ratings and re-ratings, is the average degree of conli- 
dence recorded at the first rating, without regard to the 
degree of confidence expressed at the re-rating. Tims, 
an average rating or re-rating for a child on n given 
trait is consiilcrcd to Itavc been made with “high con- 
fidence’' wlicn both judge A’s and judge B’s first con- 
fidence-ratings were high; "above-average confidence, “ 
when fine of the judge’s con/ulcncc-ratings was high and 
[lie mlicr's average; etc. (cf. p. 9). 

'I'ablc (9 below presents the percentage of agreement 

T'AHLK 19 

PiiRCKNTAdi-: tir Ai;m:KMi-;NT lOivoND Ciiancd ron Avruagi! 

Uatings in Various CoNriDiisen-CLAssi-s 


ClasJ 


PcrccntQRC 
agreement 
Iicyimcl cliaiicE 

All nvcrnRc rniinR^ 

9]U 

62 

Low cdiiliilciicc 

•Kl 

59 

Ilelnw-avcra^c ronliilcnce 

M7 


AvcniKc cniirulencc 

362 

S3 

A1<m\’c-()vci ii^c I’titiruletU'c 

2<12 

5H 

ctMilirleruic 

J39 

75 


’''See footiiuie 9, 11 ,’iiie 42. 
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beyond chance for each of the five classes o( nverage 
ratings which have been distinguished the basis of 
A’s and B's confidence-mings. Tabic 19 shows that 
except for the small number of ratings in the class of 
low confidence^ a Steady (though comparatively small) 
increase in consistency is noted as one proceeds from 
the classes of lower to those of higher confidence. The 
consistency of ratings in the high-confulence class is 
particuiarly superior. 

The correlation charts from which the data of Table 
19 were computed are presented in condensed form in 
Tables 20-24, 


TABU 20 

CoNsisTENCv OP Avdraob Kahkcs Madk with Hieu Cokvi- 
PBuca AT First Ratiko 


Average Firat Rating 
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*See footnote to TjLIcs 15 and 16 , 
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TAULE 2! 

Consistency op Average Ratings Made with Adove-Avbragb 
C oNFIDBNCB AT FiRST RatINQ 

TirsT Hating 
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TAULE 22 

Consistency or Average Ratings Made with Avdraod 
CONFIDE}iCn AT FlMST RATING 

Average Tlrs^ Koling 
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TABLE 23 

CONSrSTBNCY OF AVERAGE RATINGS MaOH WITH IIeU)VV>AVRRAI}R 
Confidence at First Rating 


Average Firs! RoUng 



1* 
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4 

5 
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1 111 at 
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4 
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70 

37 
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TABLE 2+ 

Consistency of Average Ratings Made with Low Confjdhnl'U 
AT First Rating 

Average flrat 'M\w^ 
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G. QiN'sistkxcv in Ri-lation to Both thk Sig- 

NHICAXCK OF TlH- ThAIT RaTUD AND THF, 

Conmohnu*: of Rating 

The y.R) average ra[iiij»s and rc-raiings provide siifE- 

cient maicrial for a two-way chssificatiun- first:, on 

the basis of too/irfcnce r»f ratinf?; and, second, on the 
basis rtf [he c&iimatcil si>;nilic,incc of tlic trait for the 
child bcin^ rated. 'Thus, there are M)Z average rat- 
ings and re-ratings which belong in the avcrage-con- 
rnlenec class; of these, 307 belong in the class having 
a significance score of 0, 46 in the class with signifi- 
cance score of [, and 9 in the class with significance 
score of 2. The consistency for each con/itlencc-sig- 
nificaiKC class in which n is 30 or inoie is presented 
in Table 2.v This talde shows that, for ratings in the 


'rAllhK 25 

CON’SISTKKCV OP AVUKAOH TmIT-RaI l.^OS IN UUUTION TO lloTIl 
T//« OP tJIK TmaIT KaT);D AND TJIJi 

CoN'i-iiiiiS’cr OP Hatinc 
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ni{rccincnL 
l•O' 0 rul clinDce 

All average rniinKi 
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62 
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same confidence-class, the agreement of judges in 
creases significantly as the estimated significance nf the 
trait for the child being rated increases. For ratings 
in the same significnncc-cUss, however, a similar rise 
with increase in confidence is not clear- Table 25 en- 
courages the belief that the greater conaislciKy of high- 
confidence ratings in Table 19 is mediated through 
the relation between confidence of rating and signifi- 
cance score. 

Summary 

Average ratings and re-ratings by the three nursery- 
school teachers were classified into four groups tm the 
basis of the significance of each particular trait in the 
personality of the particular child being rated. Ait 
average rating or re-rating was considered to have a 
"significance score" of 0, I, 2, or 3, according as noiiej 
at least one, at least two, ot n// three of the nursery^ 
school teachers starred their first ratings of the par- 
ticular trait for the particular child. A steady im- 
provement is observed in the consistency between aver- 
age ratings and re-ratings a9 one proceeds from the 
unstarred to the multiply starred classes. The per- 
centage of agreement beyond chance for the average 
ratings in class 0 is 48; in class 1, 61 ; in class 2, 71 ; 
and in class 3, 80. 

A similar method of investigation was pursued to 
study the relation between consistency of average rat- 
ings and the confidence of rating. Facli average rat- 
ing and re-rating for a child on a given trait was classi- 
fied into one of five groups, on the basis of the degree 
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of confidence recorded by the tetichera at their first 
ratin^r of the trait for the child. It was found that 
ratings in the very highest confidence category were 
made witli the most consistency (percentage of agree- 
ment beyond chancCj 75); ratings in the other con- 
fidence categories, however, sliowcd only slight differ- 
entiation with respect to consistency (average percent- 
age of agreement beyond chance, about 55). Fur- 
ther analysis indicates that the greater consistency of 
ratings nude with higher confidence is probably medi- 
ated tbrougii the relation between confidence of rating 
and significance score. 

Investigators of the reliability and validity of per- 
sonality nitings should recognize that in general, when 
tcacliers are asked to rate individual children on a long 
list of traits or attrihutes, the traits which arc of little 
apparent significance in a child’s personality will, at 
least for that child, have been but casually noticed; 
such traits of presumably lesser significance will prob- 
ably be only poorly judged. Traits considered by a 
judge to be of greater importance are, in general, rated 
with definitely superior consistency. The analysis in 
the present chapter seems to have justified the require- 
ment that judges indicate (by a star after their rat- 
ings) diose traits which they consider of special im- 
portance in the personality of the child being rated. 



VI 

SUMMARY AND CONCLUSIONS 

The Data. The data of the present study arc based 
primarily on three nursery-school teachers' raiiiTRS niui 
re-ratings of 30 children on .31 traits from the Cali- 
fornia Behavior Inventory for Nursery School Chil- 
dren. Both ratings and re-ratings were made on a 
seven-point scale, in accordance with detailed direc- 
tions; the re-ratings were made from one to two months 
after the children had been rated on the total 231 
traits of the complete Behavior Inventory. Besides 
the trait-ratings, each teacher also indicated the degree 
of confidence with which she made every rating; and 
in addition indicated (by a star after her rnling) 
whether she considered the particular trait being rated 
of special significance in the personality of the child 
being rated, The present study is cojicerncd primarily 
with the. consistency of ratings, or self-agreement of a 
judge from one occasion to the next; this is stutlicd in 
relation to the trait being rated, the child being rated, 
the confidence of rating, and the estimated importance 
of the trait for the child being rated. The consistency 
of the confidence-ratings is also considered, as well as 
the consistency of ‘'starring." Inter-judge agreement 
in trait-ratings is also briefly treated. 

Consistency of Ratings of Traits. As measured by 
the coefficient of correlation, the consistency of a single 
judge’s ratings of a trait is, on the average, about .70; 
if the ratings of three teachers arc pooled, the consis- 

[ 62 ] 
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tcncy corrcJfition averages about ,85. Wide differ- 
ences arc found in results for the various traits. 

Goiislstency oj Rai'nujs of Ghildreu, Consistency 
correlations, with the individual child as the statistical 
unit, may be obtained by correlating the ratings and 
re-ratinga nn the various traits for the particular child 
in question, The consistency of a single judge’s rat- 
ings of a child averages about .65; this rises to .80 if 
ratings by three teachers are pooled. As in the case 
of the individual traits, the consistency correlations for 
the individual children vary widely. 

Inler-Jud/je Agreement in Ratings. The agree- 
ment, in terms of correlation, between one judge’s rat- 
ings of a trait and another’s averages somewhat over 
.55; the agreement between the pooled ratings of three 
teachers and an infinite number of other teachers is 
eBtiniiited, on the average, as over .80. The r’s aver- 
age slightly lower than this when the individual child, 
instead of l(ic individual trait, is the statistical unit. 

Consistency of With respect to the 

starring of trait-ratings, the consistency of a single 
teacher’s starring of individual trait-rntings is too low 
to encourage confidence. The pooled judgment of the 
three teachers is, however, more satisfactory, being 
equal to a coclTicient of contingency (from a 4- x 4 
table) of .55, (The highest possible C from a 4 x 4 
table is ,866.) 

Each teacher’s evaluation of the general (nr group) 
importance of each trait was obtained simply by count- 
ing the total number of times she starred her rating 
of the trait. This number was correlated with the 
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number of times she starred her re-raiing.4 of tlfc trail. 
The correlation, for the individual icaclicr. averagei 
no higher than around .50; for ihc pooled jiiilgmeni 
of three teachers, the consisicney corrclalinn is 
over .70, A companion problem is the consistency of 
the total number of trait-ratings slurred for each in- 
dividual chilii. The consistency corrclaitnns for ihis 
are much higher than for llic individual iraiis being 
around .79 for an individual teacher, and .H9 when ihc 
judgments of three teachers are pmjlcd. ICvidcnclv 
the number of starred ratings per child remains more 
or less constant from rating to re-rating; less ccriaiiny 
exists, however, qs to the particular traits wliusc raiings 
are to be starred, 

Gonxuiency of Gori/td<rtcc-RflliMfyj. The judges’ 
confidence-ratings were studied in much the same ^Y;vy 
as the starring of trait-ratings. For the consistency id 
the average confidence with which two judges rale ami 
re-rate all the children on all the trails (n “'930), llic 
coefficient of coatlngeacy is about -50. The consistency 
of the average confidence with which iwo teachers rate 
a single trait for all children is expressed by a coeffi- 
cient of correlation of about .45; this is surprisingly 
low, in view of the contingency coefficient just cited 
above, If, however, the confidence-ratings for a given 
child on all the traits are averaged, the consistency 
found is moderately high (r=about .80). It appears, 
then, that in general the judges are moderately con- 
sistent in the average confidence of their r.atiiigs f(»r 
children; but the distribution of their confidence 
among the various individual traits is comparatively 
uncertain. 
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Cffnsislcncy of Raliiigs in Relation to the Confidence 
of Ratinrj and the Estimated Importance of the Trait 
for the Child Beinf/ Rated. The final, and. statistic- 
ally must cliflicult problem, was to study tlie consistency 
ol the average ratings of the three judges, in relation 
to the average confidence of rating, and the starring 
of trait-ratings. With respect to the latter, each aver- 
age rating or rc-rating was assigned a “significance 
score" of 0, 1, 2, or 3, according as noncj at least one, 
at least hvo, or all three «)f the nursery-school teachers 
starred their first ratings of the particular trait for the 
particular child. The consistency of the ratings in 
each of these classes was then studied separately. Be- 
tween average ratings and re-ratings in the signifi- 
cance-class of 0 the percentage of agreement beyond 
chance Is 48; in class I, the percentage of agreement 
beyond chance is 61 ; in class 2, 71 ; and in class 3, 80, 

A similar method of investigation was used to study 
the relation between consistency of average ratings and 
the confidence of rating. It was found that ratings 
in the very highest confidence category arc made with 
the iiKJSt consistency {percentage of agreement beyond 
ciiance, 7.^) ; ratings in the other confidence categories, 
however, show only slight differentiation with respect 
to consistency (average percentage of agreement be- 
yond chance, about S3). Further analysis indicates 
that the greater consistency of ratings made with 
higher confidence is probably mediated through the 
relation between confidence of rating and significance 
score, 

Ri'siills from Of her Measures of Rclalion. Various 
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Other measures of relation, besides the '‘pcrceniagc o\ 
agreement beyond chance," were employed in study- 
ing the relatlori between con^iuency of riUing. conlu 
dence, and starring. The coeflifietU nf correhunni anil 
thecoe^^lo^entQ£cQnda^tnc^ yield resviUs qualitatively 
similar to the percentage of agreement beyond chance; 
the mean difference without regard to sign, lirnvcvcr, 
gives results which in general run counter to ihoisc 
from r, 0, and the percentage agreement beyond 
chance. This is undoubtedly due to the (act that the 
mean difference without regard to sign fails i*i take 
account of such agreement as might he due to chance. 

Spnriom factory, Stalistial cxnniinaiinn of the 
possible influence of various spurious factors huUcaics 
that such influence is either slight or absent. The 
results obtained in the present study for the iriiiis 
from the California Behavior Inventory are slinwn in 
be representative of what may be expected, on the 
average, from the total 231 traits of the complete In- 
ventory. 

InUrpvHaiim. The facts given above arc suscep- 
tible to varying interpretations; wc shall nlicmpl l«i 
be very brief. The individual differences olnerved 
among the various traits and children sccin funda- 
mental; the causes of these individual (lifTcrcnccs, un- 
fortunately, seem to be largely unknown. In spite 
of the fact that ratings (in one form or anmlicr) arc 
used regularly in connection with miuicrs itf the higli- 
est personal, professional, and political signilicanct;, 
psychology seems to have reg^wded vbc prubltm^ M 
rating as of merely incidental importance. This aili- 
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Hide is the less understandable in view of such results 
as have been outlined above. Certainly the pooled 
ratings of competent judges possess suflicient consis- 
tency to permit active research in this field. 

l’l\c cjlijcction may he raised that the results of the 
present study were obtained in a sample of nursery- 
school children; such a sample perhaps offers certain 
advantages to the judge, from the point of view of 
case of observation and simplicity of behavior (2a), 
Even if this were the case, however, it could hardly 
justify the comparative neglect of problems of rating 
at the prescliool level. 

The first requirement for more rapid progress in 
tlie held of ratings is a less prejudiced attitude among 
psychologists toward the topic of rating. The second 
requirement is the training of good judges. The third 
requirement is the pursuit of detailed investigations 
wJicrcby the fund of reliable information concerning 
ratings will be improved, Such studies sJioiild include 
ni>t only ratings of average behavior, but also ratings 
•)f the N'arialnlity of hcliavior; they should include not 
merely three judges observing the subjects under the 
same environmental conditions, but many more judges 
observing under varying conditions; they should in- 
clude not merely studies of children as of a certain par- 
ticular date, but also follow-up studies which extend 
throughout a considerable portion of each subject's 
total lifC'Span, 'I'hesc iirc, of course, large tasks; but 
if, as MOW -seem.s appareni, ratings must remain a funda- 
inenial source of information concerning personality, 
such undertakings cannot be avoided without risking a 
serious deru'iency in our supply of research techniques. 



APPENDIX A 

msteibutions of ratings 

Within the scope of this brief report, it is mil pttsiililc Ui prewnt 
for each trait or child separately the frMUcwcy disirihuiion nf c:idi 
judge's ratingSi Tables 1“+ ol Chaplet 11 tlO| However, ptcsrcnt 
informatioit concerning the standard deviations of ihc, iraii'raiinKS 
for each individual child and trait."* In Table 26 vsc |trejicnt t)ic 
fiequcncy distributions ot each judpLe’s ratings and rc-ralinpi for 
all children and traits together. The otlicr tables, given in the 
text, will supply the critical reader with much other bash', material 
which it Is not practical to repeat in this place. 

TABLE 26 

DlSTRlLUTlO^^S OF RaTINOS OF TvilKTV SunJFCTS t»5 TillRTY-»lS‘V. 

Traits 

Judge A J«dR8 D Judge C 


Rating 

First 

rating 

If 

Re-radng 

n 

Pirni 

rating 

n 

Ke-niiinR 

fj 

Firii 

raiiKK 

A 

Hc-raiing 

A 

__ 

7 

43 

i 

12 




6 

95 

46 

H 

12 

79 

70 

5 

1S5 

199 

175 

192 

192 

213 

4 


437 

171 

395 

271 

277 

a 

lU 

190 

223 

209 

217 

217 

2 

94 

47 

71 

S« 

100 

9L 

1 

32 

6 

U 


31 

17 

Total 

930 

m 

930 

930 

926 

930 

Mc&(V 

4.01 

4.W 

1.93 

1.95 

3.9+ 

3.9» 

Medina 

3.97 

+.01 

3.92 

3.97 

3.92 

■i.Ql 

S.D. 

1.40 

.HZ 

1.12 

\.07 

1,37 

1.23 


APPENDIX n 

THE REPRESENTATIVENESS OF THE THlRTY-ONh: 
SELECTED TRAITS 

The Cal ifomifl Behavior Inventory lor NvirKcry-SchonI Cliildfcu 

The means are not included in Tables 1-4, pvincipaUv because 
these m general vavied but little from the midpoint of the seven- 
point scale (nacudy, 4). 
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lists descriptions ol 231 traits; tlic present study has been restricted 
to 31 of tlicsc. Are the results for these 31 traits similar, in general, 
to the results which mny be expected from the other traits of the 
Inventory? 

A direct answer to this nucstion would require that the nursery- 
school teachers nut only rate eacli of our 30 children on all 231 
traits of the Inventory (which they have done), but also re-rate 
them. Such an extensive undertaking was not feasible. We have, 
liQwevcr, compiled considerable evidence ^vhich shows that the 31 
traits do yield results which arc, in general, reasonably representative. 
This evidence consists of comparisons of results obtained from tlie 
first rating of the 31 traits with results obtained from the first 
rating of all the traits of the Inventory, Tables 27-29 present the 
facts, In Tables 27-28 it can be seen that the 31 traits arc similar 


TABLE 27 

DisTRinuTiONS or Ratings of (a) 31 SaLEcrjiD Traits and (A) 
Total 231 Traits of tub Inventory 


Judge 

Sample 

Percentage frequency of tlic lollawing ralinga! 

1 2 3 4 5 6 7 

A 

31 Units 

3,4 lO.l 23.0 

29.6 20.0 

HifI 

4.6 

A 

Total Inventory 

3.3 9,8 20,7 

31.7 20,7 

11.1 

2,7 

B 

31 trails 

1,5 7.6 24.0 

39.9 18. a 

6.9 

1.3 

B 

Totol Inventory 

1,0 6.1 22.9 


6.7 

1.7 

C 

31 traits 

3.3 10,9 23.4 

29.3 20,7 

8.5 

3.9 

C 

Total Inventory 

2.1 8.5 23.8 

35.4 21,1 

7.1 

2.1 



TABLE 28 




Distrihution or Confidencb-Ratinqs 

AcCOMI'ANYtNO 

THE 


Trait-Ratings 

OF (fl) 31 Selected Traits and 

(M 



Total 231 Traits of the Inventory 





Percentage frequency of the iolloivlng rnlingB: 

Judge 

Sample 

Low 

Average 


High 

A 

31 traits 

Ifl.2 

49.9 


31.9 

A 

Total Irrventory IB.3 

46.9 


34.B 

B 

31 traits 

13.4 

67,3 


19.3 

B 

Total Inventory 16,2 

65.3 


1S.5 

C 

31. traits 

+1.7 

46.S 


11,8 

c 

Total Inventory 51.0 

45,9 


3.1 







70 


HERBERT S. CONRAD 


j I 

jN m »!■ in ^ 
^ ^ 4 &5 M 


SO n h. 2 

ci®ri -T* 
•-( M 9> H N H 
M 


a m M N r; o 


03 m kn 

^ 0< 9> 


« O 

q "a 


^ C3 
^ *'! 
Q Cl 

‘S'S 

a Q 


9j t> in 

'f w * 


ta> 

'O trk U) 
9i 0^ 03 




N N 


'S-S'S 

>1 |4 (4 
L< Id M 


L| k b 
>4 n rt 

n n In 

111 


(3 

ai 

Q fH H IH 

kj m tn m 

^ w^i 

"k ■< tj 
§ b b 

^ “s “a 

S § § § 




<(AU 


<03 


S9 

‘§'§ 
8 S 

> 
tt r) 

11 
b b 


tri M m WH 1^ 


<03U 


ft tj b 

3 w« 


tia to b 
N *1 *( 

9 9 9 


■< C^ Cl 
b b b 


4 
U 

5 

II 

M 


■s 

•a 

'5 


M 


“ ’ui 

■='s^sS 
a P ,s ;S'S 

■fS li SSf ft 

S C « PI g 

urn 0,s 

S 


d 


u 2 


0 ^ Id . 

ts-a|K5.= s1^ 

^hI s0'” : 

2»nuCi— 

ss:®-a:§3|- 

nf3'grt1?tj?3 2| 

p 8 2 
o p \* 

=1“ 
u (d B 

- - , kl B u 

aoQDPijCiu'DO'a 
n‘*4 B'c ub p.*;: >^<4 

I /T\ 'id ff M |> P 

rfflrtuaTlujO/p 
' o “ cotJ 

JiS'lriiti 

u a ^ n n rt 

>H ^ 


M’S “< 


rt.K 

U S-TP 
'2 ^ « 


,= n td,J3 

'■’“ 5j<<s 



M< Q.s IH'O I' 5 B 

■§ ii-a S-g..a...n £ s 

s 

J 1^8 ^ *■2 > 

tleeS-"SsS3 

bPHH' 3;0 =-fl B 

„ .. .. ^5 I 

0 hbO 



h^HHH ®H B^i ■= 


STUDY OF THE CALIFORNIA BEHAVIOR INVENTORY 


71 


tD the total 231, witli respect to the distribution of trpit-ratings, 
and to the confidence with which trait-ratings were made, Statis- 
tical constants for eacli tnclividual child, based on ratings of tlic 31 
traits, show a fairly lii^h correlation with constants based on ratings 
of the total 231; moreover, the means of these constants, for the 
31 and the total 231 traits, arc rather closely similar [Table 29). 
Tables 27-29 indicate rather clearly that the results obtained for 
the 3l traits may, with only slight error, be accepted as reasonably 
representative of what should be expected, on the average, from 
the full 231 traits of the Behavior Inventory. 

APPENDIX C 

THE CONSISTENCY OF TRAIT-RATINGS IN RELA- 
TION TO THE SIGNIFICANCE OF THE TRAIT 
RATED AND THE CONFIDENCE 
OF RATING 

/f. Measures of Relation 

In Chapter V extensive use vi^as made of a measure of relation 
termed the “percentage of agreement beyond chance." It remains 
to consider the relative suitability of other statistical measures and 
the results whicli arc obtained from tlicir use. 

The coefjlcleut oj correlation (rar) gives results wliicli arc, in 
general, qualitatively similar to those obtained from the use of the 
percentage agreement beyond chance. The rise in coriclation from 
one class of ratings to another is, however, comparatively exagger- 
ated, due to the sensitiveness of r to extreme eases (cf. Tables I5-I8, 
20-24, and 30-32). 

The coefficient of contingency (Car) also tends in general to give 
results qualitatively similar to the percentage agreement beyond 
chance. The contingency coefficient, however, shows a compara- 
tively dampened rise from one class of ratings to another (cf. Tables 
30-32). Interpretation of the results for C should bear in mind 
that G is best adapted far the study of relations between qualitative 
categories, rather than quantitative variables. As a cnnscq^icncc, 
C makes no direct (H.stinction between a quantitatively siuall dis- 
ugiocmcnt ami a quantitatively large one; also, C makes im direct 
distinction between agreement at the extremes of the disti-jlnitinns 
and agreement in the middle. The doubtful sensitivity of C to 



n 


HBRDBRT S. CONRAD 


these quantitative aspects tends to its usclulncss in the 

comparntive study o£ the telations in Tables 15-18 anil 20-24. 

The coefficient of contingency has frequently in the past been 
carelessly or uncritically used. We have never, ourselves, computed 
C for any contingency table unless n were greater than 100. All 
the coefficients of contingency reported in tlic present Appendix 
were computed from 7x7 tables (except the C of ,C4 in Table 
32, computed Irom a 6 x 6 table). The particular grouping used 
in each contingency table was determined mainly by tiic requirement 
that the chance frequency in any cell should never be less than I 
(5, p. 265). Re-ratings 'were always grouped the same as the 
corresponding first ratings. In comparing results by C with those 
from other measures, it should he ranembered that the liiglicst 
possible C in a symmetrical 7x7 table is .926 (7, p. 66). 

The mean difference wUhoul regard lo siffn (KDaaO is the 
simplest measure which we have used. It gives results which, in 
general, run counter to tliose given by r, Gt and the percentage 
agreement beyond chnnee, This is undoubtedly duc to the fact 
chat the MD does not take account of such ngrccincnt ns might 
be duc to chance. The MD tends to be small when the standard 
deviations of the ratings are small, (ind the agrccincnt which might 
be due to chance is high (cl. Tables 30-32). 

The fterceninge agreemenl befonJ chance (defined on p, 52) 
IS the measure of tektvQU which has eecrtvcd to us, t>n the whvdc, 
the most acceptable. To be sure, this measure, like nil others, is 
open to objection, The chief criticism probably is the fact that, 
given a correlation chart with homoscedastic arrays (and hence equal 
standard errors of measurement'* throughout the chart), the per- 
centage of agreement beyond chance will be larger for arrays nt 
the extremes of the correlation chart than for any group of arrays 
at the center. (This is due to the fact that the chance mean differ- 
ence is greater for the arrays at the extremes.) Hut this criticism, 
in reality, is nothing but an argument in favor of the menu differ- 
ence without regard to sign (Jl^Z))— since no conventional measure 

The application of these rules usually left little choice conccrit- 
ing the ^oups to be used in a contingency table, unless n were quite 
large. Table 13 (in which f»=930) was reduced to a 7 x 7 basis 
‘sNT following groups; 1-2.7, 3-3,3, 3.7, 4, 4.3, 4.7-5, 
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of relation except the MD is altogether exempt from this criticism. 
The MD is hardly acceptable, however, unless one is willing to 
assume that all agreement is hona fide and not due in any part to 
chance. The more conventional and conservative statistical assump- 
tion is exactly the opposite, viz., to accept no agreement as borin fide 
unless surely »o/ due to chance. Possibly neither of these extreme 
assumptions is the best that could be made; of the two, however, 
the conventional assumption appears to us Jc/initely the safer. 


TABLE 30 

CONSISTUNCY OF AVERAGE RATINGS IN VARIOUS SlGNIFICANCD- 

Classbs* 




% 








agreement 







beyond 






Class 

n 

chonce 

r*i. 

Ciii 

MD». 


Or 

All average laiings 

930 

62 


.75 

.42 

1.12 

,94 

Significance scare 0 

5S7 

46 

.68 

.65 

.37 

.65 

.65 

Significance scare 1 

225 

61 

.85 

.72 

.48 

M4 

.96 

Significance scare 2 

86 

71 

.92 

..t 

.59 

1.89 

1.58 

Significance score 3 

32 

80 

.97 

•.t 

.51 

2.50 

2.13 


*For definitlan o( tlie various classes of ratings anil of the symbola of the 
table, cf. Chapters II and V. The symbols at and fft- refer to ihc standard 
deviation of average first rotings and overage re-ratings, respectively; these 
have been included in the table to facilitate interpretation of the incaiurea 
of relation. 

tNot computed because of the small value of n. 


TABLE 31 

Consistency or Average Ratings in Various Confidence- 

Classes* 


% 

agreement 


€1.189 

» 

beyond 

chance 

r He 


MDi,. 

(Tl 

Of 

All nvernge ratings 

930 

62 

.81 

.75 

.42 

1,12 

.94 

Low confidence 

40 

Si 

.80 


.14 

.74 

.66 

llclo\v-nv. coiifulcrcc 

147 

48 

.71 

.70 

.44 

.83 

.70 

Avernge confidence 

362 

51 

.75 

.69 

.36 

.71 

.66 

AI)ovc-!iv, confidence 

242 

58 

.80 

.70 

.47 

1.02 

.91 

Iligli cnnridcncc 

139 

75 

,94 

.80 

.51 

l.BH 

l.6[ 

*Tlic £00111010.9 to T.ihic 

30 apply also to 

llic present tnhic. 








74 


HERniiRT S, CONRAD 


TABLE 32 

Consistency op Average TiuiT-RAHt«GS in Rislaugn to Ilotii 

THE SiGNIf/CANCB OF THE TRAIT RATBD AND TUB 
r‘,^vii?ir»Ttiijr'» nn TJatinq^ 


% 

■grcement 


Cldsa 

71 

beyond 

chance 

rill 

Oij, 


in 


All average ratinga 

93Q 

62 

41 

75 



'.94 

Ldtp conRdence: 

Significance score 1) 

Betow-avemge con/idejice: 

3fi 

55 

.77 

.64 

.3+ 

.71 

.61 

Significance score 0 

122 

44 

.65 

.43 

.7+ 

,67 

AveraKE confidence'. 

Significance score 0 

307 

46 

.67 

.66 

.35 

.57 

,56 

Significunce score i 

4S 

62 

43 

" 

.44 

1.01 

,87 

Above-average confidencet 

Significance BCOce 0 

109 

50 

.69 

.70 

.41 

.66 

.77 

Significance score 1 

113 

60 

44 

,71 

.48 

1.11 

.95 

High confidence! 

Significance score \ 

3? 

6S 



.50 

1.19 

\.V5 

Signifienne score 2 

59 

72 

.94 

1 a 

.58 

1.99 

1.66 


*The footnoted to Table 3o apply also to the prcient table. 


B, Spuwqus Factors 

We have not yet considered the possibility t(iAC spurious factors 
may be responsible for the apparent increase in the consistency ol 
rating with increase in estimated importance of the trnit. 

1. Does a differential memory fattor operate to produce the 
differences observed between the classes of ratings In Tabic 14? 
This seems most unlikely when one recalls that the nurscry-scljool 
teachers did not begin to re-rate until one to two months after 
completing the first ratings. Inasmuch as the first ratings numbered 
around 7000 per tenchex (30 children rated on 231 traits), the 
memory factor in re-rating would, at least on o firiori grounds, seem 
to be rather uniformly negligible, 

2. Docs a differential age factor operate to produce the differ- 
ences observed behveen the classes of ratings in Table 14? Sup- 
pose, for example, chat the traitrfatings of older children were .starred 
much more often than those of younger. Starred trftit-rnttngs tend 
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to be rather extreme— generally 2 or 6j practically never 4. Be- 
cause of this association between starring and trait-rating, it is 
possible that the higher consistency of the starred trait-ratings reflects 
only a consistency in starring; and the consistency of starring itself 
may be spurious, if strongly related to the age of the children being 
rated. Actually, however, the basic assumption of this whole argu- 
ment falls down, since the correlation between chronologicnl age 
and the number of trait-ratings starred for each child is roughly 
zero (or slightly negative). 

3. Finally, one may be tempted to inquire whether the measures 
of consistency of rating increase as they do with increase of esti- 
mated trait-importance, because of statistical manipulation. We 
believe the answer to this is negative. It should be stressed, in this 
connection, that all the average ratings and re-ratings were classi- 
fied wholly on the basis of starring at the first rating. Had the 
assignment of a significance score of 3, for example, required that 
all three teachers have starred both their first ratings ml their 
re-ratings of a trait, then it might be argued that tlic agreement 
between average tr.ait-ratings with a significance score of 3 is only 
a function of the enforced agreement in starring at the first and 
second rating. Hut our classification imposed no mstrictm nl all 
on the starring of the r^-ratings. 

A similar investigation of possible spurious influences on the re- 
sults in Table 19 (relating to confidence of judgment) fails to dis- 
cover any significant factor. The conclusion appears Co stand, then, 
that the consistency of average trait-ratings inerenses with increase 
in the confidence of Judgment, and especially with increase in the 
estimated importance of the trait for the child being rated. 
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UNE fiTUDE STATISTIQUE DES EVALUATIONS SUR L’ECHELLE 
DE COMPORTEMENT DE CALIFORNIE POUR LES 
fiLfcVES DES fiCOLES MATERNELLES 

(R^aumO 

Lea donricB dc ceLtc ^(iide aoni bas^ca principoicincnt blit lea ^v'nliialioua 
V. \!.tt 10 tttfima 4 l'4g5.cd dt It tcaRa s.'.'.c lEcUiillQ 

dc Comporleiticnt dc Californic pour lea Elcvca dcB Ecolcs Mntcrnclli!i par 
trois mnllrcascB dcs Scales mntcrncllca. On a fait ct lea £vnluniioiia et lea 
nouvellca dvnhintions sur line fclicllc de aept pointa, aelon dca dirccliona 
d^teilUcsl on a fait [ca noiivi^llea ^vnluaiiona aprh iin intcrvnllc dVin A 
troia mois. Outre lea fvaluationa dea traits, chnqiic inaitreaac d indiqiiA 
le degre dc confiancc qu'elle o aenti cn faUant chiiqiic dvnlunllon; ct 
ausai (au moyen d'un ast^rlsque aprAa son Ai'alunlion) ti die conaidernit 
que le trait sp^cifique cii train d'etre dvnliic avait luie aiRiiilinncii sp^cinlc 
pour la pei'sannaliti dc I'enlant cn question. Dans ccitc etude il I'ogic 
principnlcnient dc h Constance dci dvnluailopa, ou dc I'nccord d'un jiigc 
nvec iui<meme dc I'litie occasion A I'outrc; oil dudie ceh sdus Ic rapport 
dll trait en train d'itre dvalud, de I'enfant dvaliic, de la confiancc dc 
revaluation, ct de I'impartnnGe estlindc du trait pour I'cnfnnt 6vnlu6. Ln 
constniicc dca Avaliintions dc confiancc cat atissi consid6r6e, ainsi qiic In 
canstance dea ostdrlaquca. On disciitc briAvement I'nccord dca jugcH I’un 
avee I'iiutrc dans I'Avaluntion dcs trnka. 

Comme ncsiirec pnr Ic cocfficiciit dc correlation, In ennainnee dcs ^vnliia* 
tion.s moyennea pour iin trait par troia mattrcasca cat d'ciiviron 0,85. Ln 
Constance dea dvaluntions moyenocs pour un enfam pour Ics 31 ii'aiiB usi 
d'cnviroii 0,i0. II cxistc dc ftraiulcs JilT^rcnccs de consUnnee ct pnur lea 
divers traits ct pour Ics divers enfonts. 

L'nccord, en tennea dc la corrAlatioii, entre Icb ivaliinlinns J'lin juKc CL 
ccllcs d’uii iiutrc, cat en moycnnc un pen plus dc 0,55. Uii obtieiu line 
toTvilniinn pen mcina 6\cv6e Vcniant ini\ivu\\iel, a\i lien du Viail, 

inilividiiel, cst l'unit£ slaiLstiquc. 

Comine inesurde par Ic pourcentage dc I'nccord non cxpliipic pnr Ic 
lin.inrd, In canstniicc dcs dvalualiona A I'aHtcrisqiic cst ddlinimciii plus 
dievde que cclle dea dvaluniiona sails naldri.s(|vie. Dc iiicnic innnicrc, Ics 
dvnliiatiani fnites nvec line grande confiancc Mint niisd plii.n ['()nstnnie‘i, 

On n ctiidlc Ics fncieiirs faux mnis ila oni exceed line pcllic influence on 
Iiicn ont die absents, 

On appuie siir Ic fait que lc.s dvniiiations dca juges cuinpcUntH pri.scs 
cnscinldc rnflAdent nssez dc Constance pour pcrmcitrc line rcclicrclic ac(lvL>. 
A cniuic dc I'li.Hagc diendii des cvnliiniions pcrsonnollcs (Inns la vie quoil- 
(llcnnc, line dtiidc mdtliodologiipic plus dicndue semlilc clniremcni dcsirnlilc. 
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PTNP STATlSTICHE UNTERSUCHUNG AN TESTUEEUNDEN, AM 
DEM cIuTOFmsCHEN EIGENECIIArrSTESTINVCNTORIUM P IR 
VM-SCHULPFLICHTIOE KINDER [CALIFORNIA HEIlAVlOH IN- 
VENTORY FOR NURSERY SCHOOL CHILDREN] ERMIl ILLF 




DieBefunde der gegemviirligcn Unleraucliung grufidcii ddi hiuiusadilicli 
auf Ranklerungen unci Noch-rnnhieruneen [railTiHS Bnd rfraiiiiKM wtUUc 
von drci Lehrerinnen ana Klclnkindcrackulen [nurscr/ aclioolsj am 30 
Kinder In Beziig auf 3^ dcin CnIlforniscUeii RlBenachnflainvcniariiltil 
iviT vM-scU\iMitlAig6 Kinder eingeUiEcticti Katakietcigeuachaficn 
ermittelt ivorden. Sowohl die RnnklcninBcn wic nuch die Nach-rnnkicrun- 
gen warden, aiiafiihilichen Anweiaimgcn be/olgeiid, niif IJaaia cincr siclicn 
Abstulungeii enthaltendcn Masaleiicr Csevcn-poini acnie] berechncl. Die 
Nachrankicrungen warden eln Ida 7.wci Monnlcn nnclt deii Rankieriingcn 
geinacht, Die Lehicrinncn notierten nicht m»r die Raokierwngen i\\ I]b/.wk 
auf die Karakterlcreigenachaften [tralt-ratinga] sondern aiich den (Jrad dca 
Selbstvertraiiens mit der jede Ronkiexang von iliiicn gerimclit wiirdc. 
EbenfalU gab die Lehrcrin an, ob iltrer Meinung nach die augcnblicklich 
in fietracht Icotnmende Eigenachnlt in der Peraonliclikcil dea in Frage 
kommenden Kindes cine besondcra wichtige Rollc Bpiele. Wenn ja, so 
wurde der Rnnklerung cin Stern binzugefiigt. Die gcBcnwarlige Unicr- 
auchung bczleht sich beaunders uuf die Ilcallindlgkcit [consiaLency] der 
Rankiernngen — auf die UbereinsliinmunK der HicKicrln mil aicU selbee, 
bei zwei gleichen Gelegenhelten, Dlcac tTbereinsiImmuiig wurcic unicr- 
siicht in Bezug aui die z(i rnnkicrende KntnkiercIgGnaclinli, dna 7.U 


rankierende Kind, das Selbatvcrirauen dtr Lehrerin hei der Ralikicruiig, 
und die SchUtzung der Wichligkeit der LeircITcndcn Eigcnacitn/l bei dcin 
betreRendcn Kind, Ea werden u.n. nur.b die Rcstnndigkrit der RnnkiemnRcn 


In Bezug oul Selbatvertrnucn [conaialcncy of the confidence raliiiga] viiid 
die BestUndigkeit der "Beaternung’' ["starring'’] berQckaiclitigi. Her Ornd 
der Ubereinsiimmung cler verschledencn RIchler In Ilc/ug auf die 


Ranklerungen der Karaktereigenacliaftcn wird kurz bcsjiroclieni 
I Nach dem KorrelationaVoelbzient gemessen, betrSgt die BcaiHndigkcii 
der durchschnitcllchen Rankicrangen elncr Eigcnachalt diirch die drei 
Lehrerinnen ungefiihr >65, Die JJestijildigkeit der diirchachniUlk'licn 
Rankiet-ungcn an einem Kind fur allc 31 EigensebaCun UcUliKt ungefabr 
.so. E.<i zeigen sicb weite Unterschiede in der BcaiUndigkeil, aawohl 
7-iviacben einzelnen Eigenacliaftcii wie niicb zwlschen clnzclncn Kindcrn. 

Die Obereinstimniiingi ala Korrelntlonaznhi aiisgedrackt, zwiaebcu den 
Ranklerungen zweler Richter betriigt etwas mchr nla .15. Untcr Blallsliseher 
BerOckBichtigung dea eiiwelncn Kindea alnll der einzelnen liigensclinll 
erhalt man eine etwaa nieclrigcrc Korrelotinn, 

Ea wurde die BestHndigkeit cler beaternten Ranklerungen [starred ralinca] 
an dem Prozentsatz gemesaen, mit dem dec elgentllclv erzIcUc CJmd der 
Dbercinatimmung dsn durch die Binwirkung cler Zufalla zii erworicndeli 
uhertagte, So gentessen envies sich die Bosliindigkclt bei bcslcrnicn 
Rankierungen bestimmt lioher, als bei nichl>beatcrnteJl. Almlichcnveiae 
haben auch die mit starkem Selbalvcrtmueii gemnclUen RnrlkicruiiKcn t'ine 
liOhere Bestandlgkcit ala die cntgEgcngescUten. 

Ea wurde nnch evcntiiellcn spuiioacn EinvYirkuiigcii geforaclit, Dieae 
Biwieaen sich aber enlweder ai.s nliwcacntl odcr nla von goriiiRep lIcdctiiunK. 

Es wird betont, doss die vercinigten RankierunKeu uiiglichcr Rlcbler 
genugend bestilndig alncl, urn Icbhafle Untcrsuchung zu crinDgllclicn. 
intQigc d« Wivt VtiwemitiTiR der Rfinlcierung der Eigcii- 

achoften [personality rnlinga] im alliaglichcn Lcbcn cr.iclicint die weilcre 
methoilologiache Erforachung der Rankieningcn lieatimmt wiisclienswcrt. 


Conrad 
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I 

INTRODUCTION 

Photographic studies of eye-movements have demon- 
strated that the progressive stages in learning to read, 
from the initial attempts of the beginner to the skilful 
performance of the mature reader, are accompanied 
by reductions in the number and duration of fixations, 
by fewer regressive movements, and by an increasingly 
smooth and regular sequence of saccadic shifts along 
the lines of print (3) . The sequence of eye-movements 
is further characterized, for the typical type of read- 
ing of the mature reader, by one long fixation near the 
beginning of the line, followed by two or three short 
ones, and a longer one towards the end of the line (7). 
This process, however, like most functions which psy- 
chologists have studied, is not lacking in variability, 
The pattern of eye-movements is conditioned by 
several factors in addition to level of maturity (37, 
p. 49-96) . Eye-movement patterns in reading the ver- 
nacular differ considerably according to the purpose 
for which the material is read. Variations in the 
sequence, number, and duration of pauses have been 
found to be dependent on whether the material is read 
{a) for oral reproduction (26, 14, 2) ; (i) to type- 
write (6) ; (c) to proof read (12, 7, 37) ; {d) to study 
(14, 18) ; and (c) to learn to spell (1). Similar varia- 
tions accompany changes in content. The eye-move- 
ments have been noted to differ in response to changes 
in (fl) difficulty (12, 18); (t) subject-matter (18, 
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37); (f) arrangement of words (19,37); (d) familiar- 
ity with the language (19, 5, 18, 20, 17) ; and (c) type 
of reading symbols including numerals (4, 7, 19, 21, 
29, 33), formulae (31, 21), and music (19). These 
investigations have revealed siich extreme variability 
that it seems doubtful whether the ajiiecjn of "regu- 
lar or normal procedure” has any utility except as a 
point of reference for descriptive purposes; certainly 
the plural is more appropriate. This means, of course, 
that a complete account at the nature of reading, even 
for practical purposes, involves a description of read- 
ing of the various types of material in all the situa- 
tions where such reading might be required. 



II 

PROCEDURE 

In this study the aim is twofold: (1) to describe in 
terms of photographic records of eye-movements how 
objective examination questions, differing in form and 
difficulty, are read as they are answered; (2) to make a 
quantitative analysis of the different types from the 
point of view of economy of time and possible specific 
validity. Six types of questions, representing those in 
most general use (24^ p. 189), were chosen for study: 
(1) wrong-word or cross-out, (2) analogy, (3) niul- 
tiple-choice, (4) true-false, {S) one-word-completion, 
and (6) disarranged sentences. The reading of a para- 
graph of scientific prose was registered in the same 
manner to serve as a standard of comparison. 

Records of the eye-movements of the subjects (66 
college sophomores) as they read and answered samples 
of each of these types were obtained by use of a modi- 
fication of the Dodge apparatus for photographing 
eye-movements. No attempt to describe the apparatus 
is made here since this has already been done very ade- 
quately by Dr, Tinker (35, and in greater detail in 31) . 

From the photographic records thus obtained it is 
possible to derive six measures of the eye-movements 
involved in reading: (1) length and duration of eye- 
movements; (2) number of pauses per line; (3) num- 
ber of regressions or backward movements per line; 
(4) duration of pauses; (5) perception time per line; 
and (6) relative position and sequence of the series of 
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fixations, Perception time per line is the sum of the 
pause durations, since, as Dodge has shown (9, 10-), 
there is no clear vision during intcr'fixation niove- 
mentSy but to get total reading-lime nccurately the dura- 
tions of the eye-movements should be added. In this 
study, however, since extent iind durntuin of cyc-move- 
ments constitute only a small fraction of total reading- 
time, about 5 percent (32), niid because they sire very 
difficult to record, requiring timing to at least I/lOO 
of a second (34), they have btun omitted. 

Vaiuadles to Control 

In order to isolate the dilTerciices resulting from 
only the re,ading and answering of diJTcrcnt typos of 
questionsj it was necessary to control t)ie factors con- 
sidered below: 

1, Content of Maleiial. The ideal conilltioiv fi'oiii 
one paint of view would have been to use idciuicnl 
content in all the types of questions, but this was pre- 
cluded by the necessity for satisfying two otlicr con- 
ditions: (a) If the same content had been used in each 
set of the different types with a single group of sub- 
jects, the effect of practice on succeeding sets woviltl 
have constituted an unconttollcd variable, (6) To 
have used identical questions for the different types, 
but with different subjects for each type, would liavc 
required a much larger number of subjects and more 
film than the funds available would have permitted; 
and even then the possibility of selective facinrs opecat- 
ting to complicate the results would have existed. The 
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most adequate compromise appeared to be the use of 
questions from -similar contenq but different enough 
to obviate any possible practice effect on successive 
items. Consequently the corresponding questions in 
each type were chosen or composed from somewhat 
similar general information content. These included 
items, sometimes modified, from Army Alpha, Otis 
Self-Administering Tests of Mental Ability, Miller's 
Analogies Test (not published), and items formulated 
by the writer. 

2. Relative Difficulty. A second requirement was 
the control of possible variation in difficulty of items 
of the various types. As a means of securing stable 
measures of relative difficulty, from the point of view 
of correctness in answering them, 21 questions of each 
type (105 in all were given as a “general information 
test” to 320 sophomores in psychology at the Univers- 
ity of Minnesota. The percentage missing each item 
was recorded. On the basis of this index of relative 
difficulty, five questions of each type were selected so 
that corresponding items in each set would be matched 
approximately and the questions in each set would in- 
crease progressively in difficulty. Table 1 shows the 
degrees of difficulty, stated in terms of percentage miss- 
ing each item, for the five types of questions. 

It is apparent from inspection of this table that a 
close approximation to equal difficulty for the corre- 
sponding items of each type has been achieved, and 
the averages for each set of five arc practically equal. 


‘The (inarranged sentence items were net Umlutleil in this stnnilnttli/niiun 
procedure. 
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(The row of E-averages will be cmniucnted upon 
later.) These values, except for cnmpleti(jns, have 
been corrected for chance because the differential pos- 
sibilities for chance successes in the various types would 
have made the raw percentages misleading. 

TAIILE I 

Index of DiFFicuLtyt Percdntaco (CorructijU tor Chance} 
Missing Each Itfm 


Item 

Wrong' 

word 

Aiialogica 

Mulliple- 

choice 

'rnic- 

/aide 

Com[)lciiDii 

1 

3.9 

2.5 

2.1 

1.9 

li 

2 

27 

2S.3 

28.4 

24.4 

26.6 

3 

37.B 

3B.I 

404 

38.6 

39.1 

4 

6i.7 


53.3 

58.2 

61,3 

S 

75.1 

B2.9 

88.4 

87.4 

79, i 

Average 

42.4 

42.0 

42.5 

12.1 

11,5 

£-averago 

4S.S 

45.2 

10.7 

43,1 

1G.6 


n 

The formula used was , where n cqunJs the 

n — I 

number of possible guesses in an item. Tn inic-Ialse 
questions this is, of course, 2; in the analogy and mul- 
tiple-choice items it was 4; in the wrong-word ques- 
tions n may be different for each question, depending 
upon the number of significant words in the statement; 
for the completions ho correction was applied since 
there is presumably no limitation to the range of guesses 
n 

and consequently would approach unity. 

n — 1 

3. Priniing Arrangement. A third factor to con- 
trol, which was easier to deal with but none the less im- 
portant, was the printing set-up. The items were so 
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selected or constructed that the variation in length of 
line would be negligible. The average length was 113 
mm, (26.8 picas) with an A.D, for all the items of 
3.^ mm, (.84 picas). Ten-point type with 2-point lead- 
ing was used throughout, and all the material was 
printed on Suede Finish Book India paper. A para- 
graph of scientific prose, which was used as a standard 
of comparison, was also set in exactly the same way, the 
length of lines being 1 10 mm. (26 picas) . A group of 
five disarranged sentences in shorter lines, 80 mm. (19 
picas), was also included. In each set of five ques- 
tions the items were arranged in the order of difficulty, 
from easy to hard, corresponding to the percentages 
listed in Table 1, They were also printed in the re- 
verse order, hard to easy, with other details remaining 
exactly the same. Samples of single items from these 
sets, as well as of the prose, are presented in Figures 
1 to 7, pages 110 to 123. 

Three numbers in a vertical column were placed at 
the end of the first line in each set and at the beginning 
of the last, which the subject was instructed to read, 
for the purpose of marking points of reference to aid 
in plotting the records. Similarly, a cross placed to 
the right of each item, which was fixated after answer- 
ing the question, served to distinguish the separate items 
on the film. 

4. Order of Presenlation. In order to equate for 
any possible advantage to any one type of question from 
order of presentation, the order was altered systemati- 
cally so that each set appeared an equal number of 
times in each position. Also within each set, since 
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the questions were printed in two forms, one easy to 
hard (1, 2, 3, 4, 5) and the other hard to easy (5, 4, 3, 
2, 1), it was possible, by presenting each form an etpial 
number of times, to control this factor for each i|ucs" 
tion within each set, This, of course, was unnecessary 
for comparisons according to type but was required 
only for comparisons according to dilTtcuUy. 

5. Selection of Snh\ecis. As has already been men- 
tioned, the questions were standardized for cJillkulty 
on a group of 320 sophomores. To insure the mainte- 
nance of the same relative diflicultics of the items in 
the experimental situation it was desirable to have a 
different group whose performance with the questions 
would be similar to that of the preliminary standard- 
ization group. Therefore, students from similar but 
not the same classes were chosen for subjects in the 
experiment proper, Readable records were obtained 
from 66 sophomores, 33 women and 33 men. Only stu- 
dents who were able to read without spectacles were 
included. That a very good selection was made is 
apparent from a comparison of the average percentages 
of difficulty of the items for the standardization anti 
experimental groups, which arc given in Table 1 . The 
line labeled "E-average" is for the experimental group 
and Is to be compared with the line immediately above 
which shows the corresponding averages for the stan- 
dardization group, As was to be expected, the dis- 
crepancies are greater for individual items within a set, 
but even these showed only 4 reversals of rank for a 
total of 25 items, 

6. Directiom fo the Subjects. Every possible pre- 
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cautioii was taken to insure adequate comprehension 
of the tasks by the subjects before the records were 
taken. Preliminary to reading before the camera, the 
subject was asked to read and answer six objective 
questions on a paragraph taken from the same source 
as the scientific prose used in the experiment. To ac- 
quaint the subject with the types of questions he would 
be expected to answer while the eye-movements were 
being photographed these questions were formulated so 
as to represent each type. The paragraph was read 
silently and the answers to the questions were reported 
orally to the experimenter. Usually the questions were 
readily comprehended, but if there was any difficulty 
the item was carefully explained. Then S was shown 
a sample set of five questions on a card, exactly as it 
would appear before the camera, and instructed oiv 
how to read it. First, the three numbers at the end 
of the first line were to be fixated and read slowly; 
next, question one was to be read and the answer re- 
ported orally; and tlien, instead of going immediately 
to the next question, the cross at the end of the question 
was to be fixated until S was told, “Go to the next." 
Finally, after proceeding through the five questions in 
this manner, the numbers at the lower left were to be 
fixated and read slowly. Following this preliminary 
instruction the subject was seated before the camera, 
the head-rests were adjusted to hold the head firmly, 
and the spot of light reflected from the cornea was 
focused sharply upon the film. At this point an addi- 
tional practice set of questions was read and answered 
by the subject while the experimenter observed the 
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behavior through a peep-hole at the back of the film 
box. A practice paragraph of scientific prose wag read 
in the same way. When directions were not followed, 
attention was called to the errors and the sample was 
repeated. If, however^ it was apparent that the sub- 
ject understood and was following directions, the read- 
ing of the scientific prose was photographed. Then 
always followed the different sets of questions in a sys- 
tematic order. Just before the reading and answering of 
each set was photographed, a sample of the correspond- 
ing type was exposed In the reading-frame before the 
subject, This precaution was taken to insure the appro- 
priate "set” for the different types. 

The specific directions were as follows ; for the prose, 
"Read the paragraph one time for the content, You 
will be expected to answer questions on it after you 
have finished,” and for the questions, "Answer each 
question as quickly as possible but also accurately. If 
you don’t know the answer and are sure you can't figure 
it out, you may guess, just as you would in a regular 
examination of this kind." 

Consideration of the controls here outlined show that 
(1) variation in content of material, (2) differences in 
difficulty from type to type, (3) dissimilarities in the 
printing set-ups, (4) possible advantages from order of 
presentation, (i) faulty selection of subjects, and (6) 
lack of uniformity in directions have been eliminated, 
or at least have had their influence reduced to a mini- 
mum, as possible variables. Under these conditions 
it appears justifiable to attribute any differences ob- 
served in the pattern of eye-movements for the various 
types of questions to the form in which they arc stated. 



in 

Results^ 

The clflLa obtained by the procedures described above 
may be presented conveniently under two headings: 
(1) a quantitative analysis and comparison of the re- 
sponses to the different types of questions, including a 
comparison according to levels of difficulty; and (Z) 
a qualitative description of the eye-movement patterns 
characteristic of each type. 

A, Quantitative Analysis 

1. Comparisons According to Type, Comparisons 
are presented for the reading and answering of each 
type of question, except disarranged sentences,® in terms 
of number of fixations, pause duration, perception time 
(sum of the pause durations), and frequency of regres- 
sive movements, The averages and standard deviations 
for each of these variables are listed in Table 2. In- 
spection of this table reveals that the averages for all 
measLifes arc greater for the questions than for prose, 
with marked differences among the various types of 
questions. Before considering the statistical signifi- 
cance of these differences, it may be well to point out 
some additional facts in the tabic. 

The types are ranked in order of increasing time re- 
quired to read and answer them as the means in col- 

‘Tor n ciMii|)Icic iirCHoiitalidn uf rnw (hla mul n moii’ roin|irclicn!iiv(i 
cxnoniliiiii sue llicsi.i on I'llc in llie GrnJiiatu SulionI, Univursily iit Miniicsiila, 

^Suniricni dniri for (in.'iiuiialivc enmpa rison arc lacking; un lliis lypc. 
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TABLE 2 

Means and S.D.’s of RfcADiNG-MaASuaES os Pivosh and 
Qubstiona 
W=66* 


Types 


Nuinliflr of IMHSfi I'crcujuuiii r'/iiuiljcr «f 

(ixnlicns durniioiit lliiiet reurcABiann 

M S.D. M S.D. M sS.n. M ii.lK 


Prose 

10.44 

2.1S 

12.17 

True* 

faUft 

12.05 

2.75 

12.53 

Comriciion 

11. la 

2.87 

U.1B 

Multiple- 

choice 

U.i-i 

l.?3 

14.06 

Analogies 

Iff. is 

5.63 

14.23 

Wrong- 

word 

ls.90 

4.70 

14.9+ 


1.27 

127.38 

31.32 

2.1) 

1.03 

2.36 

n2.61 

50,40 

2.R4 

1.46 

4.19 

176.67 

70, BJ 

2,75 

l.Sl 

2.09 

198.4B 

60.80 

4.20 

1.91 

1.97 

2-13.08 

S4.14 

5.43 

2.93 

1.90 

277.60 

69.50 

6.30 

3.0S 


•In all comparhona cqunis occpi for u'i-on|?»wt)ril, in whicib iinac 
N * So, 

trime is given in fifiicths of seconds. 


umn 6 labeled Peveeplion lime* will show. They ai’c 
also ranked in order of increasing munber of fixations, 
except that completions should be nhend of true-false 
questions. This discrepancy iu rank for the two con- 
stants results from the fact that the pauses in comple- 
tions are relatively long. Column 4 shows that the 
pause duration far completions is greater than for any 
other type. This average pause length should not be 
interpreted to imply that aJI the pauses were longer, 
for the mean is weighted by some extremely long pauses 
on the blanks at the ends of the questions. This fact, 
which is indicated by the relatively large standard 
deviation, will be brought out more emphatically when 
the plotted records are considered, The column for 
regressions exhibits the same order as for fixations. 


jPempiiM time is sanjcWiat less tiinn taul Binre linie for 

eyc^ovement ,b nci .nduded. Toifll rcftdinR.fh«c nuy be |.| r. i , n et 
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The deviations from the regular prose-like progression 
along the lines of print as shown by the regressions are 
least in the case of true-false and completion items, the 
irregularity in sequence of fixations being quite marked 
for multiple-choice, analogy, and wrong-word ques- 
tions. Pause durations, except for completions, exhibit 
the most constant averages and least variability. 

Perhaps the coefficients of variation ( — ) in Table 3 

^ in ^ 

are more interpretive indices of the relative variability 
of the measures, 


TABLE 3 

Coefficients of Variation for Reading-Measures on Prose 
AND Questions 


Types 

Fixations 

Pause 

duration 

Perception 

time 

Regressions 

Prose 

.21 

.10 

.25 

A9 

True- 

false 

.23 

.17 

.31 

.SI 

Comrilcticin 

,26 

.26 

,40 

.55 

Multiple- 

choice 

.27 

.15 

.31 

.45 

V\nalagies 

.34 

.13 

.35 

.5+ 

Wrong- 

word 

.2S 

.13 

.25 

.49 


As the table shows, the relative variability for fixa- 
tions is quite similar for the various types, with the ex- 
ception of wider variability for analogies. The gen- 
eral spread of measures is least for pause duration, a 
fact which emphasizes the relatively large variability 
in the case of completions. Since perception time is 
the product of number of fixations and pause dura- 
tions,’' the greater relative variability might be expected 


'The means of cadi of llicsc variables were computed from llic raw 
data and as a result of slight errors in grouping the products do not 
correspond exactly to the means reported. 
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to show up in this constant also, and inspection of the 
table affirms this. Regressions exhibit the widest varia- 
tion. The significance of these large cocflicients will 
be apparent when the plotted records are considered. 
To anticipate, they show a range of variation in eye- 
movements from regular prose-like progression to a 
series of erratic backward and forward oscillations. 

It is pertinent now to inquire about the magnitude 
and the statistical significance of the differences be- 
tween the various means in Table 2. Data on these 
points for each reading-measure are given in Tables 
4 to 7, mclusivc. 

TABLE 4 

Fixations: DiprBRnNciis nurwBBM Mbans and 's* 

oiy 

Figures above tlic dingonnl represent the (Ji/IercriccK l)ct\vcen mentis; 
thoes below, die corresponding mdiccs of statisiicut t«iuniricnnce. 


R 

Prose 

T.-P. 

Com. 

M.-C, 

Anal, 

w.-w. 

(t) Pcotc 
(3) Trw- 


(.62 

.68 

3.79 

6.U 

8.82 

false 

3.78 


.89 

2,25 

4.59 

6.78 

(2] CamiiteUQn 

h) Multiple- 

I.3S 

2.89 


3.11 

5.43 

lA^ 

choice 

7,S4 

5.39 

8.39 


2,32 

3.92 

(5] Analogy 
(«) Wrong- 

8.36 

6.76 

8.Z7 

4.25 


1.40 

word 

20,00 

U.Q9 

U.93 

6.97 

1.68 



*The formula /or correlated meaaure!i was uied in calcuUliiiK lUc 
to this and susceeding tnbles, 


In Table 4 the figures above the diagonal represent 
the differences between means; those below, the cor- 
responding indices of statistical significance. Tor cx- 
amplcj the difference between the means for true-false 
and prose is 1.62 fixations per line, and that this dif- 
ference is statistically significant is indicated by the 
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ratio 3.7B below the diagonal. The direction of the 
differences may be conveniently determined by refer- 
ence to the first column of numbers under R, which 
gives the rank order (smaller number indicates fewer 
fixations) of each type. Inspection of this table shows 
that all of the differences, except those between com- 
pletion and prose, completion and true-false, and 
wrong-word and analogies, meet the usually accepted 
criterion“ for statistical certainty. 

Table 5, giving similar data for pause duration, and 
succeeding tables of differences are to be read and in- 
terpreted ill the same manner as Table 4. 

There are fewer significant differences in pause dura- 
tion than for fixations. Table S shows that between 
prose and the questions all the differences are signifi- 
cant, in favor of shorter pauses for prose; but for the 
questions alone six out of ten fail to meet the criterion 
of statistical significance. This verifies a previous 
statement concerning the relative constancy of pause 
duration. 

From the point of view of time economy in using 
objective examination questions, Table 6 is most im- 
portant. The types, as the table shows, are ranked in 
order of increasing time required to read and answer 
them. The greatest difference is between true-false 
and wrong-word items. The difference between wrong- 
word and analogies is small and probably not signi- 


'If 3 the chniicc!! arc 59.9 out of 100 ihnl Oil Inie ililTcrciict! is 

grcnlcr llinn xfiio (H. 15, Gnrreil, Slntulia in P:ycliolo&y <uuf lulucnlton, 
P. 134). 
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ficant. Similarly, the diflfcrcnces between true-false 
and completions and between completions and mul- 
tiple-choice items are of doubtful statistical si^Mufi- 
cance. All other differences, however, arc highly 
significant. 

TABLE 5 

Pause Duration : DiFFimuNcns dbtwrun Means and 'g 

fOt 

Figures above the diagonal represent the differences between means ; 
those below, the cori'csponding indices of statistical sigiiiflcnncc. 



R 

Prose 

'r.-F. 

Com. 

M.-C. 

Afinl. 

W.-W. 

[1) 

Proae 


US 

4.01 


2.L8 

2.78 

(2) 

True- 





1.29 

1.75 

falao 

5.05 


2.58 

.49 

[fi) 

Complellon 

B.30 

5.S2 


2.12 

\.n 

1.50 

(S) 

MuUiple- 


1.85 



.79 

.80 


chalcs 

a.oi 

4.88 



Analogy 

11.75 

<t.l5 

2.54 

2.88 


.06 

(S) 

Wrong- 




2,75 

.21 



word 

10.90 

5.03 

2.H 



TAllLli: 6 

Perception Time-. Dipfbrbncbb obtwiujn Means and — 's 

trn 

Figures above the diagonal represent the difTerenccs between means; 
those below, the corresponding indices uf statistical signiricaiicc. 



R 

Prose 


Com. 


An III. 

W.-W. 


ProsE 


35.23 

49.10 

70,91 

115.70 

154.-IO 

h) 

True- 








false 

5.6B 


14.31 

36.62 

81.25 

111.20 

C3) 

CampUnon 

5.80 

2.00 


21.81 

66.19 

90.10 

(4) 

Multiple* 








choice 

9.14 

5,38 

2.67 


-14.47 

66.no 


Analogy 

10.92 

7.95 

5.61 

5.71 


19,20 


V/Tuni" 








word 

16,19 

11.89 

B.17 

9.52 

1.6+ 



These rankings agree with those reported by Ruch 
(23) for recall, multiple-choice, anil true-false iiues- 
tions, except that "recall,** which corresponds to com- 
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pjetions in this study, required the longest time. A 
part of this discrepancy is doubtless explainable by the 
fact that subjects in the studies reported by Ruch were 
required to write out the answers, whereas here they 
reported verbally. The results obtained by Eurich 
(13) I however, indicate that for some kinds of material 
the difference between true-false and completion ques- 
tions is slight, a finding confirmed by the present study. 


TABLE 7 

D 

Regeessions ; Differences between Means and 's 

<^D 

Figures sibovc the diagonal represent the differences between means; 
those below, the corresponding indices of statistical signihcance. 



R 

Prose 


Com. 

M.-C. 

An.il. 

W.-W. 

(1) 

Prose 


.75 

.64 

2.09 

3.32 

4.42 

(3) 

True- 








false 

3.36 


.07 

1,41 

2.63 

3.43 

(2) 

Completion 

2.91 

.35 


1.45 

2.66 

3.40 

(4) 

Multiple' 








choice 

8, IP 

5.40 

7.44 


1.21 

i.ai 

(S) 

Aniilasv 

B,7+ 

7.7J 

B.72 

3.65 


.42 

(fi) 

Wrong- 








word 

u.oo 

US 

8,34 

4,4B 

.96 



Table 7 shows marked differences in the regularity 
in sequence of fixations for all question comparisonSj 
except between true-false and completions and between 
wrong-word and analogy. This table also reveals the 
single instance in which a measure between prose and 
the questions is not significant — the difference between 
prose and completions is only slightly less than that re- 
quired for statistical significance. 

In order to make the relative magnitudes of these 
differences more comprehensible, and by way of sum- 






102 


ARUKN FRANUSRN 


mary, all the measvires have been converted into per- 
centages and brought together in Table 8. 


'I'AHLE 8 

PjIRCENTAOE WhIGII EaCH AveHAGH is or TIIF CORRr.Sl'ONDI’ 
Wrong- Word Avuragf 


Types 

Number of 
Tixatlons 

Pause 

duration 

Pcrceiuiiin 

liiitc 

Number of 
rcKreisions 

Fioae 

SS 

B2 

4t; 

34 

True- 

false 

6* 

90 

59 

45 

Completion 

59 

lOS 

64 

44 

Multiple- 

choice 

75 

94 

72 

67 

Analogy 

SB 

99 

BS 

U 

Wrong- 

vfofd 

loa 

(00 

(00 

100 


The interpretation of the table needs no elaboration. 
Column 4, perception time, shows the fractional 
amounts of time required to answer each type in terms 
of wrong-word items. This corresponds cJoscly to t))e 
number both of fixations and of regressions which occur 
in reading each type. Completions in each instance 
constitute the exception to perfect agreement in rank. 
The reason is apparent in column 3, wJiich indicates 
the relatively long average pause duration for this type. 
Completions, however, as has already been pointed out, 
are read like prose, with the exception of relatively 
long end pauses which contribute disproportionately 
to the means for pause duration and also to average 
perception time. Incidentally, this column again em- 
phasizes the high degree of constancy in pause dura- 
tion from type to type. 

2. Ccrrelations. An attempt has been made to as- 
certain the relative degrees of interrelationship among 
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the variables by a study of the intercorrclations, These 
indices for the four measures of each type and prose 
arc presented in Tables 9 to 12, 


TAllLE 9 

I’iXAT'IONS: PliAUSlJN »‘’k AND P.K.'s 


Type* 'I'.-F' 

Cnin. 

M.-C. 

Atinl. 

w,-w. 

Proie .34i:,07 


.I6±.0fl 

,06±.OB 

,22±,09 

Triic-ffiliie 

.6I±.0S 



.+2-<-,03 

CampUilan 


.i;i±.os 

,37±.()7 

.4i±,oa 

MuUipIc-choicc 



.63±.05 

.Sft±,OS 

Analoiiy 




.39±.0B 


The absolute values of the cocflicicnts in Table iO 
and those included in subsequent tables arc unimpor- 
tant] they are undoubtedly attenuated by somewhat low 
reliabilities— a point to be considered later. The rela- 
tive differences, however, appear sigiii/icant. In gen- 
eral, the correlations between each type njicl prose are 
very low; and, in contrast with these, the intercorrela- 
tions among the questions are fairly marked. This gen- 
eral difference probably reflects a modilieation in atti- 
tude which remains somewhat similar for the various 
questions but differs from that characteristic of prose 
reading. The single exception is the correlation be- 
tween prose and true-false items, which is slightly 
higher than the true-false-wilh-analogies coefficient. 


TABLE 10 

Pause Duration: Pcarson r’s and P.E.’s 


Typus 'I'.-F. 

Cgii). 

M.-C. 

Annl. 

W.-W, 

Proac i35±,07 

.3S±.07 

.•Wdt-07 

.42it,C7 

.43±.0B 

True-ftthc 

.45±i)7 

.S4±.Gfi 

,3G±.C7 

.42±.0B 

Complciion 


.S+±.0d 

.26±.08 

.fiOi.OC 

Muliiplc-clkolcc 



.4l±,D7 

,49it,07 

Annlogy 




.41±.0B 
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The difference between prose and the questions does 
not hold for pause duration, as is apparent in Table 10. 
This, however, was to be expected from previous ob- 
servations on the relative constancy of pause duration, 
Table 11 shows the same general trend as observed 
for fixations, though the difference between prose- 
question and inter-question coefficients is less marked. 
This, of course, was to be expected since pause dura- 
tion enters into perception time. 


TAHLE i 1 

Perception Timb: Pearson r's and P.E.'b 


Types 

T.-r> 

Com. 

M.-C, 

Anal. 

\v..\v! 

Froae .33±.07 

Tnie-falac 

Campletian 

Multiple-cboice 

Analogy 

.29±.0B 

.6l±.0i 

.u±.os 

.53±M 

.S0±.Q« 

.Hi'MlS 

.3J±,08 

.26^.08 

.SG±.0( 

.2!l±.D9 
.45:!:, 07 

.72±.04 

.16*.07 


TABLE 12 

Reqrbssionsi Fkarson r's and P.E.'s 


Types 

T.-F, 

Com. 

M.-C. 

Anal. 

W.-W. 

Prose ,10:t.08 

True-false 

Completion 

MuUiplc-ctioice 

Analogy 

.n±. 0 B 

.5J±.0i 

M±.0i 

.38±.07 

,59±.Oi 

.08±.03 

.J7d:.07 

.45±.07 

.35±,OB 

.39±.OS 

.3S±.03 

.‘10±.Qa 

.49^.07 


Inspection of Table 12 shows the same general trend 
for regressions that was observed for fixations and per- 
ception time. The prose-question correlations, with 
the exception of prose vs. wrong-word, arc near zero; 
while, relatively, the inter-question coefficients arc 
fairly high. 

3. Reliabilities. Determination of the reliabilities 
of the eye-movement measures obtained lor the various 
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types of questions is a difficult problem. For the prose 
the sample of reading is fairly adequate; but each set 
of questions includes only five items and these differ 
in difficulty. However, all the comparisons have been 
made with group averages, and, with respect to the 
correlations, only relative differences have been util- 
ized. Nevertheless, an estimate of reliability has been 
attempted and the results are presented in Table 13. 


TABLE 13 

RnuABiLiTiES : PnosE — O dds w. Evens; Questions — Seconds ry. 
Fourth Question in Each Set 


Typea 

Fixntiona 

Raw r S-D r 

Perception Time* 
Raw r S'B r 

Regressions 
Raw r S-D r 

Proae 

.77 

.87 

.79 

.88 

.64 

,78 

TruG-false 

,28 

.66 

.42 

.78 

.47 

.81 

Completion 

.31 

.70 

.33 

.71 

,22 

.56 

Mulclplc'clioicc 

.42 

.78 

.42 

.78 

.47 

.81 

Analogy 

.33 

.72 

.42 

.78 

,20 

.55 

Wrorg-word 

,46 

.81 

.27 

.65 

.65 

.90 


*Pniisc durntion hfis not been included since It Is combined with number 
of fixations In perception time. 


The first caluma under each heading gives the raw 
coefficient for each type of material, For the prose, 
these indicate the reliability of half the material (odd 
uj. even lines] and for the questions, of one-fifth (sec- 
ond vs. fourth items). The second columns under 
the corresponding headings show the correlations, esti- 
mated by the Spearman-Brown prophecy formula, for 
the amount of material actually used, 

4, Comparison According to Levels of Difficulty. 
Since there are five measured levels of difficulty repre- 
sented in each set of questions it was possible to deter- 
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niine tc what extent these differences conditioned varia- 
tions in the eye-movement measures. It miKlit have 
been expected that the harder the question the greater 
would be the effort required to read and answer it; and 
this should have been reflected in increased number of 
flxations, regressions, and perception time, However, 
except for very easy and harder items, the records show 
thatthe mean differences between successive levels arc 
slight. For each type of question, fluctuation from one 
level to another in the eye-movement measures occur, 
but the direction of change is inconsistent and probably 
the result of chance errors of sampling; it docs not 
parallel the increments of difficulty, with this excep- 
tion; In every case, except one, the easiest item requires ■ 
fewer fixations than any harder question, and always 
the hardest item exceeds the easiest in average number 
of fixations. Moreover, the differences between the 
easiest and hardest items are statistically significant for 
all types except analogies. 

Incidentally, this discovered lack of correspondence 
between difficulty and the eye-movement measures sup- 
ports the validity of the differences found for the vari- 
ous types of questions by showing that the preciseness 
of the control for difficulty was more than sufficient. 
The differences between significantly different types 
exceed the range of variation according to levels of 
difficulty. 

5. Summary. The various types of questions have 
been compared with each other and witli prose in terms 
of averages for number of fixations, pause duration, 
perception time, and frequency of regressive move- 
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inents. Between the questions as a whole and prose the 
differences are marked and statistically signilicaiit in 
every instance except one — the number of fixations and 
regressions required to read and answer completions is 
only slightly greater than for prose. In terms of these 
measures, true-false items differ little from comple- 
tions, and wrong-word questions are very similar to 
analogies. Pause duration, which is the least variable 
of all measures, exhibits little difference from type to 
type, except that on the average it is unusually long for 
completions. One notes especially the marked differ- 
ences between the questions and prose. For perception 
time, which is most important from the point of view 
of time economy in the use of objective questions, 
the rank order is as follows: true-false, completions, 
multiple-choice, analogy, and wrong-word items. The 
differences are statistically significant in every case ex- 
cept true-false ds. completions, multiple-choice •us, com- 
pletions, and analogy vs. wrong- word. All the types 
differ significantly from prose. The mean compari- 
sons for regressions which are indices of the irregulari- 
ties in the sequence of eyc-movemeiits show that com- 
pletions and true-false items are read much like prose 
while the other types arc read much more analytically, 
particularly analogies and wrong-word questions. 

An analysis of the intercorrclation coefficients re- 
veals a quite consistent general trend, Practically all 
the correlations between prose and the various types, 
except for pause duration, are near zero; in contrast 
with this, the question iiitercorrclntions arc, relatively, 
fairly high. This is interpreted as indicative of a 
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change in attitude which is modihed in going from 
prose to questions but remains quite similar from one 
type of question to another. 

Comparisons of questions varying in degree of difli- 
culty reveal no differences in average number of fixa- 
tions, perception time, and average frequency of re- 
gressions, which may be considered to parallel suc- 
cessive increments of difficulty, except between the 
easiest and harder items. 

B. Qualitative Description of How Objective 
Questions Are Read 

The qualitative description of how the di/ferciit 
types of questions are read is chiefly in terms of pat- 
tern or sequence of cyc-niovementS| but number and 
durations of pauses have also been considered. Tlie 
plotted records, illustrating the various procedures em- 
ployed in reading the different forms of questions, con- 
stitute the basis for description. 

Perhaps the most striking fact revealed by the 
plotted records is the breadth of variety. Variation 
in the patterns of eye-movements both for different 
types and for different questions of the same form 
ranges from the smooth sequence of pauses typical of 
easy prose to an erratic series of oscillatory backward 
and forward movements, which defies classification 
as '‘reading.” Nevertheless, a kind of classification, 
somewhat arbitrary, to be sure, is possible. In fact, 
when the various procedures arc grouped into cate- 
gories displaying rather marked similarities, consider- 
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able consistency is apparent. The nature of this con- 
sistency and the basis for the classification can be illus- 
trated best by presenting the classification itself. 

The classified material includes 170 plotted records, 
30 of each type except disarranged sentences, for which 
only 20 records were plotted. These records, consist- 
ing of an easy, average, and most difficult item from 
each type, represent the performances of only 10 sub- 
jects. They are probably typical of the entire group, 
however, because the criteria for selection were clear- 
ness and distinct separation of dots on the film. Since 
these factors are determined by the experimenter and 
apparatus (the light might vary in intensity, the speed 
of the passage of film might change slightly, etc,), 
the selection of subjects would be perfectly random. 

In classifying the modes of procedure in reading and 
answering the questions, records were considered'^ 
"analytical," “erratic,” etc., relative to the correspond- 
ing typical prose performance for each individual. 
Samples of the eye-movement records in reading prose 
for the 10 subjects whose question records are plotted 
in Figures 2 to 7 are presented in Figure 1. The prose 
and question records for a given subject may be identi- 
fied by the number preceding each item in the column 
headed “iy.” 

Inspection of Figure 1, showing the sample prose 
records, indicates a fairly wide extent of variability. 
Since the line for each subject was chosen to represent 


'^Claasificntion ia based on subjective eatimntes of the author; fer inde- 
pendent vcrificnClQn see complete original data in appendix to thesis on 
file in Graduate School, Univeraitf of Minnesota. 
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his average performance as nearly as possible, this vari- 
ation may be considered to characterize the group as 
a whole. (Only 7 records are reproduced, but since 
Number 22 is similar to 8, 50 similar to 39, and 30 
similar to 12, one record of each pair may be taken as 
representative of the other.) The series of numbers 
above each line show die order of fixations and the 
corresponding figures below the line give the dura- 
tions of each pause in fiftieths of seconds. For ex- 
ample, in the record of Subject 33, showing a rapid 
sequence of eye-movements, the first pause at the be- 
ginning of the line lasted 10/50 of a second, the second 
9/50, etc. 

The plotted points represent exact points of reflec- 
tion of light from the “bright spot” on the cornea, but 
they should not be interpreted to imply that the corres- 
ponding points of visual fixation are so sharply cen- 
tered. Dodge (11) and others (8, 25) have shown 
that it would be more exact to speak of “fixation field" 
rather than point. This field extends over an area of 
3 or 4 letter spaces (25), exclusive of “marginal im- 
pressions" (11, 15) from eccentric stimulation. Thus 
the sensory effects from fixation on any point or even 
near a word are practically equivalent. 

With this orientation we consider now the descrip- 
tion of the various types of questions. 

1. Wrong-Word. Representative procedures in 
reading wrong-word statements are illustrated in 
Figure 2. It is apparent from inspection of the rec- 
ords plotted in this plate that the reading of wrong- 
word questions is characterized by at least six varieties 
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of eye-movement patterns. Typically, in 43 per cent 
of the cases, the questions are read through first with 
a regular prose-like sequence of eye-movements, and 
then follows an analytical or irregular oscillating 
sequence. The first line in the plate, 43-fl, illustrates 
this mode of performance. Line SO-b shows a type, 
representative of 20 per cent of the records, where there 
is no preliminary "regular” reading but only an irregu- 
lar sequence from beginning to end — the process is 
analytical throughout. A third variety, line 26-c, 
which occurs less frequently, consists of a "plodding” 
analytical progression directly along the line of print; 
there are regressions, but they are much shorter than 
those in the two preceding lines. A fourth type, line 
39-^, occurring with the same frequency as 26-c (10 
per cent), illustrates what has been called "careful reg- 
ular progression”; there arc no more regressions than 
in prose reading, and it is distinguished from the latter 
only by more and longer ’fixations. In a fifth type, 
l2-e, also occurring with a frequency of 10 per cent, 
the questions are read through like line 43-^ in regular 
prose fashion and then there is a refixation on the word 
reported as the answer. Finally, a variety was noted 
distinguished by analytical progression through the 
statement followed by concentration on significant 
words, as illustrated by 12-/. 

Since the varieties of procedure overlap the degrees 
of difficulty of the items, all three levels of difficulty 
are found frequently in each category. Therefore, 
this factor has been neglected and the questions have 
been classified only according to type and variety of 
eye-movement pattern, 
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2. Analogies. The varifttion in pflacrii of proced- 
dure is even greater for analogies than for wrong- 
word statements. This, however, was to be expected 
because of the more complex structure of the questions. 
Wrong-word items, being simply prose statements, arc 
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■ Representative Procedures tk Rkauino ANAiooius 
(a) analytical progression, relation first anil then alternatives, 6; (i) 
regular careful progression, 6; (c) analytical or einilic \vitluRit 
direct progression, 6; {d) scan iintl then crnitic, 4j ((’) iiiKilyticul 
progression to aUcrniitives and then analytical with incoinplclc read- 
L«& 2. 
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read differently because of the changed attitude evoked 
by the directions to look for a specific item of content, 
namely, the word which makes the statement wrong. 
The analogy consists really of two parts: a given re- 
lationship, more or less complex in itself, and a corre- 
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Representative Procedures in Reading Analogies 
(/) analytical progrc.ssion to alternatives, then "si)ot" and concentra- 
tion, 2; iff) analytical progression to alternatives, tlien careful pro- 
gression and concentration, 1; (/i) analytical to alternatives, then 
careful progression, and finally erratic, 1; (/) analytical progression 
and tlirougli alternatives, then erratic, (;) erratic, 1. 
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Late which is to be deduced by choosing the fitting word 
from four alternatives. 

Ten different modes of reacting to this type of tiues- 
tion were noted, examples of each variety being exhib- 
ited in Figures 3^ and 2b. The procciUires arc typi- 
cally analytical. Twenty per cent of tlie analogies, 
show analytical progression through the first re- 
lationship and then an analytical irregular scries of 
fixations distributed over the alternatives, Another 20 
per cent were read in regular, careful, prosc-like pro- 
gression, 30-i. A third type, 2Z-c^ occurring with equal 
frequency, illustrates an analytical scries of forward 
and backward oscillations without direct progression. 
Item Z2-d^ howeverj shows a rapid “scanning" pro- 
gression followed by erratic oscillatory moventents. 
A fifth type, 32-c^ exhibited in 6 2/3 per cent of the 
records, differs from otiicr analytical varieties (uily in 
that the analytical progression is terminated without 
fixations on all the alternatives. Another type, with 
the same frequency, 26-/, also illustrates analytical 
progression to the aUertiativcs, then a "spotting" pro- 
cedure, in which perception was evidently mediated 
through eccentric stimulation, and, finally, concentra- 
tion upon the choice of alternatives. Four other an- 
alytical types, each with a frequency of 3 )/3 per ceiu 
show, respectively: analytical progression to the al- 
ternatives succeeded by careful progression and con- 
centration (12-if); analytical progression to the al- 
ternatives and then careful progression followed by 
erratic oscillations (12-//); analytical progrussioii to 
and. through the alternatives and then erratic eye- 
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movements (43-i) ; and, finally, a type characterized 
by an erratic sequence of eye-movements throughout. 

3. Multipie-Choice. Like the analogies, the mul- 
tiple-, choice items are constructed with two parts. 
The statement preceding the alternatives in the 
multiple-choice question, however, is much less com- 
plex than the first part in the analogy, and for this 
reason some differences in eye-movement patterns 
would be expected. Both types are usually read ana- 
lytically, but there is a difference in degree, the 
multiple-choice items showing the more regular 
sequence of eye-movements. The nine varieties of 
procedure which are displayed indicate a similar de- 
gree of variety. 

Most frequently, 27 per cent of the records, the 
multiple-choice questions are read with analytical pro- 
gression to and through the alternatives, but with more 
concentration on the alternatives. Item 30-a, Figure 
4-rt, illustrates this type. In another kind, 22-i, occur- 
ring with a frequency of 23 per cent, there is first regu- 
lar prose-like progression to the alternatives and then 
analysis, Question 26-c: shows a feature noted in the 
analogies but more characteristic of multiple-choice 
items, namely incomplete reading of the alternatives. 
In this item regular progression to the alternatives ter- 
minates with a concentration on the answer reported, 
without fixation on the remaining alternatives. Three 
other varieties of multiple-choice procedures, differ- 
ing in other respects, exhibit this same phenomenon. 
In analytical progression to the alternatives is fol- 
lowed by concentration on the first alternative which 
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FIGURK 

RrpRRSBNTATIVB PrOCUDURHS in UuADlNa MULTlI'Mi-CliniCU 

Questions 

(ff) analytical progression to and throu^Ii nltcrnauVc^, 9; (/ j ) rcp;iilar 
progression to alternatives, then analytical, 7; (r) rci'ular prfinrcssiiMi 
with incomplete reading and concentratum on dioici' iv( alicrnativcs, 
4; (fJ) analytical progression with incomplete rpading nntl cinuieiura- 
tion on choice, 4; (e) analytical prngression ivitli hicniniileie readinj; 
oi Alternatives, 1. 

was reported as the answer without further fixalitins. 
Line 264 differs from 504 only in the ahsonec of cim- 
centration on the alternative answered. Line 
Figure 46, illustrates a similar partial reading of the 
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Representative Procedures in Reading Multiple-Ciioicb 

Questions 

(/) regnljif progression with incomplete reading of alternatives, 2; 
(j) erratic, 2; (A) regular progression to and through alternatives, 
then erratic, 1 ; (?) analytical progression to and through alternatives, 
then erratic, I. 


alternatives without concentration, but the first part 
of the question is read more like prose. Sometimes, as 
shown by line 43-^, the sequence of eye-movements is 
erratic from beginning to end. Item 39-/i illustrates 
regular progression to and through the alternatives and 
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FIGURE 5 

Representative Procedures m Roadino Truii-I'aj.si-: 
Statements 


(A regular progression \rith pause on "T-F," 17; [b] analytical 
progression with pause on "‘T-I'V 6; (c) analytical, (^/] rpuuhu 
progression, then analytical with pause on ‘'’P-F,'' 2; (/) rpi'iilar 
progression with "rcclicck” and pause on "T'l'V' 2, 
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to be read less analytically than the previously consid- 
ered types since attention is not necessarily directed to 
specific items of content but more to comprehending 
the statements as wholes, as is true for prose. The 
typical reading of this type (^7 per cent of the cases) 
is shown by 12-a in Figure 5, where a regular prose-like 
sequence of eye-movements is followed by a rather long 
pause on the “T-F" abbreviation. Another 20 per 
cent, however, are read analytically with a similar 
pause at the end, 39-b. Another 10 per cent differ 
from line 39'i only in the absence of the end pause, 
SO-c. In 6 2/3 per cent of the instances the prose-like 
progression during the first reading changes to the 
analytical type, 43-^. And, finally, as in 43-e, occur- 
ring ■with equal frequency, regular progression is fol- 
lowed by a short refixation on a significant word and 
then a pause at the end. 

5, One-Word Completions. Simple completion 
questions, like true-false statements, should be expected 
to be read much like prose since the solutions to the 
problems cannot be found in further analysis after the 
question is once comprehended. The fact that even 
less variation of procedure occurs with this type than 
for true-false statements supports this supposition. 
Line 30-a, Figure 6, displays the typical procedure for 
completions. This regular prose-like progression of 
eye-movements with a relatively long pause on the 
blank at the end represents 63 per cent of the readings, 
Sometiines (13 per cent), however, as shown by 22-^, 
the regular progression stops without an end pause, 
Equally frequent is the type, 39-(r, exhibiting analytical 
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FIGURli 6 

Representative Procbdures in Reading Comi'i.ktion 
Questions 


(<;) regular progression with pause on bUnlc, 19; (b) rcnuhir pro- 
gression, 4-1 (c) nnniyticsil progression with pini.sc on hlunk, 4j (rJ) 
regular progression with pause on signiHcant word, 2; (r) regular 
progression with “rcchcck“ and pause on Wank, I . 


progression -with an end pause on the blank. In fewer 
instances (6 2/3 per cent) one finds regular progression 
■with a concentration of pauses on a significant wordj 
SO-d. Finally, qs was noted for tnic-fnlsc slatenicnts, 
in a few instances (3 1/3 per cent), 3Q-tf, a regular 
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sequence of eye-movements followed by a short re- 
fixation and an end pause occurs. 

6. Disarranged Sentences. It has been observed 
that an analytical or even erratic sequence of eye- 
movements is much more characteristic of wrong- 
word, analogy, and multiple-choice items than it is 
of true-false and completion statements. The task set 
by the disarranged sentence, where the attention is 
directed to specific details in the item, also should be 
expected to evoke an analytical procedure. The 
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plotted records presented in Figure 7 show that an 
analytical procedure characterizes B5 per cent of the 
records. The most frequently occurring type (60 per 
cent) is illustrated by item 32-n, which shows analyti- 
cal procedure throughout. In 25 per cent of the 
records the question is first “surveyed" with a regular 
sequence of eye-movements succeeded by an erratic 
sequence, 30-6. Finally, a third variety exhibits a 
"careful" but regular succession of fixations, 33-c. 

7. Summary and Discussion. The eye-movcinent 
patterns exhibited in reading and answering objective 
questions differ most from those characteristic of prose 
in the more analytical character of the former; for the 
questions the sequence of fixations is more irregular 
and pauses are both more frequent and longer. A 
second striking general difference is the variety of pro- 
cedures exhibited in reading the different types of ques- 
tions. The patterns range from a regular prose-like 
progression to an irregular scries of oscillations sug- 
gestive of the reading of the isolated formulae in 
Tinker’s study, which he characterized as being "read 
much as a design is studied'* (21). IJetwceii these 
extremes are the typical modes for the various types. 

A prose-like progression followed by an analytical 
series of saccadic shifts most frequently characterizes 
the reading of wrong-word items, although some arc 
read analytically throughout. Analogies, distin- 
guished by the greater variety of procedure, typically 
show irregular, analytical sequence, Mtilli pie-choice 
questions, close rivals for variety, also are iisiinlly read 
analytically, but regular progression frequently occurs, 
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particularly on the first part. True-false and comple- 
tion questions, naost similar to prose, exhibit the least 
variability. More than half the items are read like 
prose, although some analytical reading occurs. This 
similarity of completions and true-false statements to 
prose, which is in contrast to the marked differences 
between prose and the other types in the matter of re- 
gressions, is consistent with the differences revealed by 
the quantitative comparisons. The reading of dis- 
arranged sentences is almost wholly analytical. 

Of the more specific features observed, the long 
pauses and partial readings are especially interesting. 
These long pauses occur at the ends of true-false items, 
and more frequently on the blanks at the end of com- 
pletions. Fixations lasting as long as 9 seconds, to 
mention an extreme, account for the comparatively 
high average pause duration and relatively greater 
dispersion previously noted for completions. The 
pauses in these types indicate that once the question is 
comprehended, further perception is unnecessary. In 
the wrong-word, analogy, and multiple-choice ques- 
tions, however, where in every instance new fixations 
occur continuously until the solution is reached, it ap- 
pears that the central processes of assimilation and 
association require constant perceptual supplementa- 
tion. This difference may be significant for the con- 
sideration of any possible specific validity possessed by 
the different types. 

Incidentally, the relatively limited perceptual be- 
havior required to answer true-false statements may 
explain the failures of Stumpf (28) and others to dis- 
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cover any difference in response to these items whether 
presented orally or visually. 

Partial or incomplete readings, most typical of 
multiple-choice items, also occur with nriaJogies, 
Since these two types are alike in the form of the al- 
ternatives, the reason for the more freijuent occurrence 
of this phenomenon with multiple-choice i]ucstions 
must be due to differences in the first part of the state- 
ments. The greater simplicity of multiple-choice 
statenaent probably initiates a more definite “set" for 
the choice, and consequently the correct alternative is 
more easily recognized. These incomplete readings, 
which occur whether the correct alternative is in tiie 
first, second, or third position, suggest a nice adjust- 
ment of eye-mavements to the demands of a particular 
situation. Eye-movements, it appears, are inade in 
response to the needs of the central processes ol assim- 
ilation and association, the responses to the external 
stimuli being secondary. 

It should be noted, however, that failure to fixate 
upon aword, as Dodge (11) and Hamilton (15) jnivc 
shown, does not necessarily imply that it has not been 
perceived. “Marginal impressions" from eccentric 
stimulation may have been sunicieiU for recognition of 
noa-fixated words. But marginal stimuli normally in- 
itiate reflex movements of the eye in their direction 
(15) ; these, however, are inhibited in the case of the 
partial readings, Therefore, whether the non-lixaied 
words are regarded as neglected or eccentrically per- 
ceived, we have the apparent demonstration of central 
dominance over the peripheral processes. 
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The long pauses, as has already been indicated, also 
illustrate an effective adjustment of the motor to the 
central processes, Once the true-false or completion 
statement is apprehended, the mental associations take 
place without further perception, and perhaps easier, 
since the pauses presumably involve less distraction 
than the fixation of new material.® 

These special instances, however, are not the only 
data to support an hypothesis of central dominance. 
The variations in pattern of eye-movements corres- 
ponding to the different types of questions indicate 
adjustments, which logically, at least, appear suited 
to each particular situation. Even the most erratic 
oscillations could hardly be called ineffective for the 
situations where they occur since they are accompanied 
more often than not with correct responses to the ques- 
tions, (It will be recalled that the percentage of in- 
correct answers averaged about 40, and that the aver- 
age perception time was only slightly greater for in- 
correctly answered items. Moreover, some of the 
items scored wrong were undoubtedly right according 
to the misinformation of the subjects,) Certainly in 
these instances it would be misleading to interpret an 
erratic series of eye-movements as indicative of ''con- 
fused mental processes." In reading easy prose erratic 
eye-movements may be symptomatic of mental con- 
fusion, but in answering objective questions, paraphras- 
ing, reading formulae, and even in reading Latin, 


“Tliifl interpretation was gugEcstcii liy UiiswcII’r stiuly (I). 
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where the grammar is highly formalized, they may 
represent an adequate adjustment to the situations. 

Finally, the general trend of results from previous 
investigations of special types of reading is in harjiiony 
with the view Iierc advanced. In some of tticse studies 
the changes in purpose or content of reading are st» 
slight that they require only slight inodifieation of the 
eye-movement pattern which characterizes tlie reading 
of easy prose; in others, the changes become so rad- 
ically different that prose habits arc completely alian- 
doned. But in every case a rapid and more or less 
effective adjustment to each situation is typical. I'he 
fact thathabits acquired from constant reading of pro.se 
do not interfere when the situation demands a different 
pattern of eye-movements suggests that the uciilomotor 
processes are subordinated and flexible in their re- 
sponses to the needs of the central processes of assimila- 
tion and association, 



IV 

SUMMARY 

This study attempts to describe in both quantitative 
and qualitative terms how objective examination ques- 
tions differing in type and by measured amounts of dif- 
ficulty are read, as they are answered. The eye-move- 
ments, which constitute the units of description, were 
photographed with a modification of the Dodge appar- 
atus. The material read included a paragraph of scien- 
tific prose and the following types of objective 
examination questions; wrong-word, analogy, multiple- 
choice, true-false, completion, and disarranged sen- 
tences. Photographic records, yielding measures of 
frequency of fixations, duration of pauses, and sequence 
of eye-movements, were obtained for 66 college soph- 
omores, 

The controls were such that ( J ) variation in content 
of material, (2) differences in difficulty from one type 
to another, (3) dissimilarities in the printing set-up, 

(4) possible advantages from order of presentation, 

(5) selection of subjects, and (6) lack of uniformity in 
directions have been eliminated or at least have had 
their influence as possible variables reduced to a mini- 
mum. Under these conditions it appears justifiable to 
attribute any differences observed in the pattern of eye- 
movements for the various types of questions, and in 
comparison with prose, to the effect of the form of 
the questions, And within each set of questions where 
difficulty is the experimental variable, other factors 
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being controlled) possible differences may be conclud- 
ed to have resulted from (he infiuence of this factor. 

A quantitative analysis of eyc-movemciu measures 
justifies the following statements; 

1. In every instance the prose averages for riuiubcr 
of fixations, duration of pauses, perception time, and 
frequency of regressions are exceeded by the corres- 
ponding means for the questions. The relative miigni- 
tudes Gf the differences vary, but they arc statistically 
significant in every c.ise except the prose-completion 
comparisons for fixations and regressions. This ap- 
parent discrepancy is consistent with the special se- 
quence of eye-movements characteristic of this type of 
question. 

2. The types of questions arc ranked in order of 
increasing perception dene as follows: true-false, com- 
pletion, multiple-choice, analogy, and wrong-word. 
The differences between ranks are all statistically sig- 
nificant, excepting the true-false vs. completion, com- 
pletion ur. multiple-choice, and analogy vs. wrong-word 
comparisons. 

3. The various types take the same ranks for fixa- 
tions, except that completions require slightly fewer 
fixations than true-false statements. This pair and the 
analogy and wrong-word pair are the only comparisons 
which fail to meet the criterion of statisdeal signifi- 
cance. 

4. Average pause duration varies only slightly 
from one type to another. The rank orders arc tlie 
same as those for perception time, except that cample- 
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tions rise from second to fifth place, but only 4 out of 
the 10 differences between types are statistically sig- 
nificant. 

5. The ranks according to average number of re- 
gressions for each type parallel the rank; order for 
fixations, and the same differences, true-false vs. com- 
pletions and analogy -nT. wrong-word, arc statistically 
not significant. The true-false and completion ques- 
tions differ markedly less from prose in number of 
regressions than do multiple-choice, analogy, and 
wrong-word items. 

6, The relative variability of the eye-inovemcnt 
measures, as expressed by the coefficients of variation, 
is fairly constant from one type to another for fixations, 
perception time, and regressions. In pause duration, 
however, the relative variability is significantly greater 
for completions than for other types. In general, re- 
gressions exhibited the largest extent of variation and 
pause duration the smallest 

7. The intercorrelations reveal a quite consistent 
trend. Practically all the correlations between prose 
and the various types, except for pause duration, arc 
near zero; in contrast with this, the question inter- 
correlations are, relatively, fairly high. This general 
difference probably reflects a modification in attitude 
which remains somewhat similar for the various ques- 
tions but differs from that characteristic of prose read- 
ing. 

8, 111 general the relationship is slight between 
levels of difficulty (5 levels are represented) of the 
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questions and the eye-movement measures. Very easy 
items require fewer fixations and I'ctn'cssiuns ami shr)rt- 
er perception time than harder items, but only between 
the easiest and the hardest is there a consistent 
cant difference. 

A qualitative analysis of 170 plotted records reveals 
such variety in reading-procedures t)i.it any brief sum- 
mary of the results must be limited in preciseness, 
The general characterizations listed below mask signi- 
ficant details; they indicate only the most frequently 
noted features. 

1. Wrong’vvocd questions are usually read with 
careful prose-like progression followed by an analyti- 
cal series of eye-aiovciuents. Sometimes^ however^ 
they are read analytically throughout. 

2 . Analogies, for which tlie greatest variety of pro- 
cedures occur, are typified by irregular, analytical 
sequences of fixations. 

3. Multiple-choice items, close rivals of analogies 
for variety of procedure, are most frequently rend an- 
alytically, but regular prose-like progression also 
occurs, particularly on the first part. Partial or in- 
complete reading of the altcrnativ^es is IrcquciUly ex- 
hibited with this type and occasionally with analogies. 

4-. Tnie-fahe and completion items show the great- 
est similarity to prose and exhibit the least variability 
in sequence of fixations. Analytical reading occurs, 
but most frequently, except for the endings, they are 
read like prose. A feature specifically characteristic 
of completions is a long pause on the blanks at the 
ends of the statements. 
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5 . Disarranged sentences are generally read an- 
alytically throughout. 

The two most general differentiae distinguishing the 
reading of objective que.sHons from prose reading are 
the more analytical sequence of eye-movements and the 
striking variety of procedures employed in reading the 
questions. In each instance, however, the mode adopt- 
ed for a particular type appears suited to the situation. 
Notwithstanding constant practice with prose, this 
variety of apparently effective procedure and such 
special features as the long pauses on completions and 
the partial reading of multiple-choice and analogy 
questions indicate that the oculomotor processes are 
subordinated and flexible in their responses to the 
central processes of assimilation and association. 
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UN£ £TUDE DES MOUVEMENTS DES YEUX DANS LA LECTURE 
DE QUESTIONS OBJECTIVES D'EXAMEN 

Dea enrcgistremerna photographiques clcs mouverncma ilca ycux, Icaqiisls 
ont donne dcs mesurcB de la frdquence clea fixations, dc la dtircc dca paiiaca, 
Gt de I'ordrc tie succession des clinngcments anccnddSi ont did obtcnua pu«r 
66 dtudianta uiiivcrsitaiica de deuxidmc annde pendant qii'ila ont un 
paragrnphe de prose scientiliqiie et six types divers de qiicstJoiis objcctjvca 
d'exnmcni Lea cantrolcs ant dte fails do aortc qiie la variation (i) du 
cortcnii de la matldrc, (2) dca diffdrencea dc difliciilLd entre I'un lype et 
le suivant, (3) dc3 dlsaimilitudea dnaa I'npparencc typograpliiqnc, (4) dcs 
avfttitages possibles de I'ordre dc presentation, (5) clu choix des sujets, ct 
(6) du manque de I'uniformitd dans Ics directions oat 6t6 dliinin^s ou du 
moins on a fait reduire au minimum leur influence comme varinblea pos- 
sibles, Dons cea conditions il pnrait justifiable d'nttilbiier des diHerciicca 
quelconqucs obaerv^cs dans In forme dea mouvementa dcs yciix pour lea 
divers types dea questions, et en comparaiaoii avec la prose, A J'elFet cle 
la feme dea questions. 

Les risultats cI'uHb Atude qii.mtitative cles enregistrements sont les sui- 
vnnta; 

1. Lea types dea questions ranges en ordre de I'nugmcntation de In tlnrdc 
de la perception sent les suivanCa: vral-faux, compHtion, clioix multiple, 
analogic, cC mot faux. Get ordre nc vnrie qiie peu qiiand on les range 
scion le nombre dcs fixations, la diirec dea pauses, ou lea regressiona. Lc 
variable le moins important dca mesures cles mouvementa des ycux cat la 
diirdc dea pnusea. Dans toutes lea mcsurcs Ics moyennes pour Ics questions 
(lApasscnt celles pour la proSe, dc montants diver.'!. 

2. A peu pria toutea lea correlntiona entre la prose et lea diverses qiics- 
tionsj A I'cxception de In durAc des pauses, sont presque iiulles; en con- 
trnstc ovec ccci, Ics intercorrdlntions dcs questions snnt rclativcmciU aascz 
elevfics. Cette dlHerencc relUte probablcmcnt line modifiention de I'attitude 
ou disposition laqucllc restc assez aemblable pour lea divcrsca qiicstiona maia 
(lllfArc (le celle qiii cst caractci'i.stiquc dc In lecture dc U prose, 

3. II n'exiate tiulle relation constnntc entre la (llfficulte dea parties (cinq 
niveaux ont 6t(S representes dnns cliaque type) et les mesures dca mouve- 
ment.s dea ycux, 

L'nnalyse qualitative dea enregiatrements montre que Ics deux difFereneca 
Ics plua g6n6rales qui diatinguent la lecture des questions objcctivcn et la 
lecture de la prose sont la suite plus nnalytlque des mouvementa dcs ycux 
ct la varlete frappante dea proeddes employes dans la lecture dcs (|ucslions, 
Dan,s cliaque exemple, cependant, le raoyen ciJopt^ pour un type specifiijue 
aemble sliffisont A la situation. Malgr6 I'esercice constant ovec la prose, 
cette variete de procedds appareinent cfHcaces ct lea carnetdriatiquea spScialea 
tellea que Ics longues pauses aur les completions et la lecture particllc dcs 
questions dc choix multiple ct d'anniogie indiquent que Ics processus oculo- 
motcurs sont subordannds et flcxiblcs dans Icura rdponscs aiix proce.ssus 
centrnux dc I'asslinilation ct dc I'aa.sociation. 
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EIN AUGENHEWEGUNOSSTUOIUM von OUJKK'I’IVuN 
EXAMENFRjVCjEN 

(Refcrit) 

Photoginpliischc Aiifiifliimen Jcr AugdiiliewcguHncii, ilic Wcrie (iir 
Milufigkcit dcr Finicrmigen, Dtucr der ZvvifClicuzelicn, uiiJ Kcilicnfulge 
von Ruckverscheibniigcri wnrien von &6 \)niyerHiaUsiu»ienicti l)tim Ourcli- 
leseii cincs AbacImiliCfi eincr wIisciKichnrinclicn AbliAiulKiiig iiiul «cchi 
Ycradvlcdcner Artcn voii ubiekiivcn ExamcRl’riKCii crhnllcn. Hit KnnirolUn 
•waren aolchcr Art, lUag die Vnrloiiun (1) d<i Inliali* dca MnUrlali, (2) 
Untcrficliiedc dcr Scliwicrigkeiien ztviachcn dtii vcrichicdciicii Aricn, (3) 
Unahnlichlceitcii iu der DrucltauInudioiiK, (4) inogliulie Vuritile dtr lUircli 
die Ordnung cnlsieiidciic DarsiellunKi U) Auswnhl ilcr Vpii., iincl (6) 
dcr Mangel an Elnfdnnlgkeii der KichUini'en wtirdcn Biiigcachalicn, odcr 
wcnigatcna ala mbgliclic Vnrinbkn nuf tin Miniimim reduzicri. Unicr dicien 
irmstlndcu schcint cs bercchtipft *u seiii, der Wirknng dcr l^onn ilcr Erngcn 
irgcndwclchc Untcraciiicde, die in dcr Cicsl&^l dcr Auxcnbewcguniiicn bei 
dec veiaducdcncn Aricii dcr Fragcn lieobiclHci warUeit, iitul im Vergkicli 
ziir Froan, zuznschrciberi. 

Die Ergebnissc dca qunntitativco Siudiunu liod fnlgcnilc; 

1. Die Typen dcr Fragci), die in eine RcHie von ziineHrnctidcr Wobrneh* 
mungizeit eingcordnet warden, Bind lolKcndc: wn))r>Iolkcli, ErKinvcungi 
vIeUache Wahl, Analogic, unti falachei Worb Dicie liinonlnunK vnrJicri 
mir wenig, wcnii sic nneh dcr Anzolil der Fixiertingcn, Dmier dcr Zwiirlieii* 
zeiten, odcr Riickkciir cingcordnel wird. Die KcrSiignc Vorinlile tier Aiigeii* 
bewegung, die geiiiesgcii wurde, ioi die Dacer dcr Fnusen. Dei nllen 
Messungen dbcrtrcITcn die UurciuelmhlBwerle iiir die Erngcn iiic)cnlKen 
fiir die Frosa ichwinkcnd. 

2. Fflst allc Kcrrclniioiicn ziviachcn Frn«fl nntl den vcnrliiedcticn 
Fragen, die Fansendaucr auigenommen, nSlircn iH Null; im OcKciisaiz 
daz^ii aind die Prngcnkorrcloiioncn verliiilliiiBSiniiaiiK linrli. Picacr l/nicr* 
wbitd ipicseU vtohutbcmlkb cizvt VeixndctvmK dtr A\dv\idc nder UmnVci- 
lung wleder, welclte (iir die vcriehiedcncn Fragen zicinlirli gU'ch lilcibi, 
aber v^on jencr Eigcntiinilichkeit dcs Prosalcgvna vcrAcliicilcii isi. 

Zwischen der Schwicrigkeit der GegenNliliidc (fiinl Scliicliicn wiirdeii 
bei )eder Art gegeben) und den Augcnbcwcgnngiwcricn war kuiti Kicicli- 
nasaigts VeTbSlinia, 

EInc qualitative Annlyie dcr Ergebnisse zclKb daai die v.wci nllftcmciniitcn 
Uniencliiedei die das^ Leaen von objekliven Frngcn vpn cleiii Frnanlracn 
unteracheicleii, aind die nnplyilschere RcIhcnfolKc tier AiiRefiljewcA'iiiigefi 
und die aiiffttllcndc Vciacbicdenhcit dcr Vcrfahi'cn, die bcim I.chcii dcr 
FfSicn gebiavicbr viUTdan. W )edem FaW aber scVicini die Mcibniic, die 
fdr einen gewiaaen Typua imgcnommcn wird, dcr Sluiaiinn gecitjnei zu 
asirii DcniiocU bei atetigen Uebung inli Proafl beweist dicae An aclicinlinreii 
wirlcungavollcn Vorfabrens und aolchc Sonderzugc, wic laogc I'nu.acn bei 
Ergartziingen nncI das Teiltcseu der viclfachcn Wnlil uiid Analogicfragcn, 
class die ocwlomototUcbcn VorgHuge umcrKCordhcl und liicKsntn in ibrer 
Wrkiing im Vergleich zu den zcntrnicn Vorgiingen dcr Assimiliilun und 
Aasozmiior aind. 
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THE PROBLEM 
A. Introduction 

Constitution may be defined as the totality of indi- 
vidual physical characteristics. These characteristics, 
of course, vary tremendously, and there have been 
many attempts to introduce some order into this vari- 
ability by means of a classification into “types/' Prob- 
ably the first typology was that of Plippocrates, who 
spoke of a “habitus apoplecticus" and “habitus phthisi- 
cus,” bodily constitutions which predisposed to circu- 
latory and respiratory diseases, respectively. Since 
his time there have been a great many other classifi- 
cations, for the most part inspired by a similar clinical 
interest, and in many cases leading to somewhat simi- 
lar conclusions. For historical reviews, see Weiden- 
reich (42), Wertheimer and Hesketh (44), and Sailer 
(33), 

In recent years the problem of constitutional types 
has become the concern of the psychologist, largely as 
the result of the work of Kretschmer (17, 18), who 
claims to have discovered an intimate relationship be- 
tween a certain type of physique and a certain type of 
mental disease. More specifically, he has suggested 
on the basis of a statistical study of clinical material 
that manic-depressive psychosis is likely to be found 
in association with the "pyknic” constitution, and schi- 
zophrenia or dementia praecox, with the "leptosome,” 
and somewhat less frequently, with the "athletic” and 
“dysplastic” make-up. 
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The consiituiional type of an imlividunl is recog- 
nized by n process of diagnosis in which nualiiative 
as well as quantitative observations play a part. An- 
thropometric measurement is nf course important, but 
it must be interpreted in relation to tlie whole consti- 
tution. When a subject is examined, says Kretschmer, 
'‘kein Haar auf scinem Haupi und keine Variantc 
seiner Nasenspitze ist uns glcichgiiltig" (17, p. +4). 
A Icptosomc, for example, is to he diagnosed not only 
by means of indices which take into account liis 
shoulder breadth or his chest circumference, but also 
by the fact that in typical eases he has an angular pro- 
file, a long nose and a short chin, narrow, tapering 
hands and feet, etc. Not all leptosumes have all of 
these characteristics; the type is the perfect case, not 
the average, and the classification is determined not 
by the most frequent, hut by the most “beautiful'’ ex- 
amples, “Daraus ergiebt sicli, dass sich unscrc Typen- 
beschreibung, nlcht nach den hauhgsten, sondern nach 
den schbnsten Fallen richtet" (17, p. 16). The classi- 
cal cases are exceptions. 

This approach of Kretschmer’s makes it somewhat 
difficult to deal with hia material in strict statistical 
fashion. In general Jeptosomes and pyknics differ, 
but it may be possible for an individual to have some 
pyknic characteristics and yet be diagnosed a Icpto- 
some. As a result, a certain amount of subjectivity is 
introduced into the diagnosis, and it is not impossible 
that two observers may classify the same iiulividual 
somewhat differently, This situation is perhaps com- 
parable to the problem of diagnosing, let us say, a 
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case of appendicitis which does not show all the typi- 
cal or classical features; the diagnosis can usually be 
made, but with difficulty, and it not infrequently hap- 
pens that during the operation the infection is found 
not to reside in the appendix after all. Kretschmer’s 
clinical approach and his insistence on the "Gesamt- 
konstitution," the total constitutional picture, has made 
it extremely difficult to check his results by purely 
objective standards. 

Granting all this, the fact remains that Kretschmer’s 
type theory has stimulated a great deal of study and 
research in Germany and other European countries, 
although it has had relatively little influence in 
America. Plis original application of the theory to 
psychotic conditions has been extended to include “nor- 
mal" or healthy individuals, and the methods of ex- 
perimental psychology have been employed by Kretsch- 
mer’s followers to justify this extension, The experi- 
ments are ingenious and the results striking, but there 
are important defects in the procedure, particularly 
in the choice of subjects, and in the lack of adequate 
statistical controls, The present study is an attempt to 
discover whether these type differences still appear 
under more rigid experimental conditions. 

The leptosome habitus (formerly referred to as 
asthenic) is characterized by a deficiency in volume 
combined with relatively tall stature. The thorax is 
long and flat, the shoulders narrow and the trunk cy- 
lindrical. The legs and arms are long and thin, The 
facial profile is irregular, with a long nose and small 
chin. The pyknic has a thickset, barrel-shaped trunk, 
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a broad chcsi and lar^c bmlv c-iviiics, wiih a definite 
disposition to plumpness. The neck h slinrl and full 
with the head set forward on sniiMtihly riiuiidcd shoul- 
ders, The hands are small and broad, with short 
fingers, the face is sliapcd like a peiu.igoii^ or shield, 
with a tendency lowartl a Hat or concave prolile. 'I'he 
allilelic type has strongly developed hones and muscles, 
large shoulders and a tapering inmk, long limbs and 
large hands and feet. The face is dc^^crihed as an 
elongated egg form. The tlyiplmlir type is really a 
defective type, showing a lack of tlcvelopincnt in one 
or more organs of the body. 

Of these types the Icpiosomc and llie pyknic iippcar 
to be mast important, and will be referred in exclusively 
in what follows. They correspond very closidy in the 
constitutional types recognized and dcaribed by other 
investigators; for example, to Viola's mlrrosplnnchnic 
and macros planchine\ I’cndc's /on^iVmnu and /o-rvi- 
Stockard's linear and Inl^rnl; \V'cidc[ircicIi's 
l^piosome and carysome. There seems an almost uni- 
versal tendency on the part of lypologisis iti di.stinguish 
between what Wcidenrcich has called the lomj-l/tin 
and the short-lhick body types, ami to look for their 
clinical or psychological correlates, 

Kretschmer's starting-point was his obscrvatinii that 
there was a relation between constitutional type and 
two of the mast important diseases in the Ki aepeliiiiaii 
classification, namely schizophrenia nr dementia prac- 
cox, and manic-depressive or circular insanity. In 
1921 (18) he reported that among 2f)0 patients studied, 
70.3% of the schizophrenics were of lepiosome huild, 
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and only 2.9% pyknic, while of the manic-depressive 
patients 84.7% were pyknic and only 10.6% lepto- 
soine. This finding stimulated a considerable amount 
of investigation in other laboratories, to such an ex- 
tent that in the 1931 edition of Korperbaii nnd Gkar- 
akler (17) he was able to summarize the results of 
several investigators, including over 4000 cases, with 
the following results: 

Schizophrenic Manic-Depressive 


Pyknic nnd mixed pyknic 

I 2 .a% 

U.77o 

I.c|itosoinc and ntliletic 

(fi.O 

23.C 

Dysplastic 

11.3 

0,+ 

Atypical 

9.9 

9,3 


Most of the studies in this field have confirmed 
Kretschmer's theory, but criticisms have by no means 
been wanting, [See especially Mollenhoff (24), Kolle 
(15, 16) , Weidenreich (42), and Garvey (9)], These 
have centered mainly on the age factor (both pyknicity 
and manic-depressive insanity tend to be found rather 
late in life), social and economic factors (the lepto- 
some habitus and the schizothyine temperament may 
be relatively frequent in the more favorable and more 
“exclusive” environments), lack of normal controls 
(the proportion of physical types in schizophrenia 
appears to be very similar to that in the normal popu- 
lation), the subjectivity and the consequent probable 
bias inherent in the constitutional diagnosis, and the 
unsatisfactory nature of the JCraepelinian classification 
of the psychoses. 

Kretschmer believes that the correspondence between 
physique and character holds for normal and border- 
line, as well as for psychotic cases. The borderline 
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subjects, Avho may be regarded as prc-psychnEic person- 
alities, fluctuate between health aiul disease, and can 
be studied in the ease histories of the early life of psy- 
chotics. They are classified as rycloit! and xthn’.oid] 
the cycloids are usually pyknic, and the sclii/oids iisu- 
aiiy leptosome. Cycloids arc sticiahic, fond of people, 
adaptable, realistic, practical- Kven when they are 
unhappy, they like people about tliein to whom they 
can tell their troubles. They work hard, hut arc noi 
especially ambitious. Schizoids on the other hand 
are not very sociable, or sociable only in small restricted 
circles. They are very diflicult to know, because they 
live in themselves so much; they arc "autistic." They 
are exclusive and "aristocratic," even in peasant cir- 
cles j there is always a glass cage between them and 
the universe, 

The normal biotypes arc the cycloffiymn and the 
schizoikymef again related to the pyknic aiul leptosome 
physique respectively. There arc several subvarieties ; 
the cyclothyme may be talkative and gay, or quietly 
humorous, or a comfortable Epicurean, nr quietly 
friendly and sociable, or successful and practical. The 
schizothyme may be aristocratic and sensitive nr dry 
and empty, an unworldly idealist or a cool masterful 
egoist, These two types differ not only in their social 
reactions, their choice of an occupation, their suscep- 
tibility to one or another form of maladjustment, but 
also m their behavior in the psychological laboratory., 
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B. The Experimental Approach 

The experimental studies in this field, many of 
which were made by Kretschmer's students and asso- 
ciates in Germany, cover a wide range of psychologi- 
cal activities, and are regarded by Kretschmer as fur- 
nishing a valuable confirmation of his theory (sec 17, 
39, 4-3). A brief summary follows. 

In perception span, for example, pyknics are superior 
to hptosomes, and circulars (manic-depressives) su- 
perior tQ schizophrenics. [Van der Horst (40), Voll- 
mer (19), Enke (3), Kibler (14)]. In a reaction time 
experiment, pyknics and cyclothymes arc much more 
disturbed by distractions than are leptosomes and schiz- 
othymes; for the former group there is a greater dif- 
ference between their reaction times with and without 
distraction. [Kibler (14), Van der Horst (40)]. 
These results would corroborate Kretschmer’s view that 
pyknics and circulars are more objective, and more 
attentive to external stimuli. 

Leptosomes excel in “Spaltungsfahigkeit” or “cleav- 
age capacity," the capacity to split the stream of con- 
sciousness so that parts of it function separately (al- 
though simultaneously) and for disparate purposes 
[See Kretschmer (17)]. They can “abstract" better. 

When Kibler (14) exposed tachistoscopically cards 
containing colored nonsense syllables in varying posi- 
tions, and asked his subjects to note the color and posi- 
tion, the leptosomes were much more successful, al- 
though the pyknics remembered more about those ele- 
ments which they were not asked to remember. They 
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showed more ‘Sncidcnial mcmnry,”' huL were less suc- 
cessful in "abstraciion," in ihc orilcrly separatiem nf 
elements. Enkc (^) nicaBurcd ''.Spaltun^sfiilii^kcit" 
by presenting lo Ida subjects a series nf enlnrcd siiuarcs, 
with directions to count in passing the miiidicr nf 
squares of each color in the series. TJic tusk rcf|iiire(l 
the ability to keep the separate impressions distinct 
from each other, and the Icpiosnmcs were again su- 
perior. This result was corrohnraied by Knkc and 
Heising (6), Enke (a) studied iliis same cleavage 
phenomenon by another method. He exposed taehis- 
toscopically very long, hybrid words (for example, 
“Badevereinsmarkc"), each word cxposetl ten limes 
for .3 of a second each time, the subjects being in- 
structed to report what they saw after each expfisurc. 
LcptosomcB tended to reconstruct the wonl in an analy- 
ticil, systematic manner, building it up letter by letter 
with each successive exposure. Pyknics responded 
synthetically, obtaining a general impression of the 
word, and correcting this impression after subseijiicnt 
exposures. They made many more mistakes than did 
the leptosomes, who were more orderly, and who ab- 
stracted better from the total exposure the elements for 
which they were to look. [See also Eutr. (19), VolE 
mer (19)]. 

Pyknics are more sensitive to colors, leptosomes to 
forms. Scholl (3S) found that when he showed a 
colored figure to his subjects, and asked tliem to pick 
this figure out of a larger group of various colors and 
forms, schizoids tended to identify the ligure according 
to its form, cycloids according to its color. Ivnko (3), 



STCJDy OP CONSTItUTIQKAL TYPES 


153 


Dambach (19), and Lutz (19) found these differences 
to hold for pyknics and leptosomes. Pyknics also have 
a greater capacity for color blending; when red and 
green discs are combined on a color wheel, flicker dis- 
appears sooner, and grey appears more quickly, in the 
case of the pyknic observers, leptosomes requiring a 
faster rate of revolution. [Van der Horst (40), Wiers- 
ma (46), Kibler (14)]. 

The greater color reactivity of the pyknics also plays 
a part in their responses in the Rorschach test (32). 
This test, consisting of a series of irregularly-formed 
ink blots, some of them in color, has been used by psy- 
chiatrists as a personality test, on the theory that the 
responses reflect the interest and the mental organiza- 
tion of the subject, Rorschach gives instructions for 
diagnosing extravert (“extratensiv”) and introvert 
("intratensiv”) personalities on the basis of the re- 
sponses, color responses in general suggesting extra- 
version, movement responses introversion. Munz 
(25) found that pyknics gave more color responses, 
responded more to brightness qualities, to objects and 
landscapes, and gave more “total" responses, i.e., to 
the whole ligure at once. Leptosomes gave more move- 
ment responses — faces, dancers, dream-figures, unreal 
objects — and many more “detail” responses, i.e., to one 
part of the ink-blot at a time. There were.more “extra- 
verts" among the pyknics, and more “introverts” among 
the leptosomes. Enke (2) obtained substantially the 
same results. 

Personality differences have also been studied by 
means of a self-diagnosis by pyknics and leptosomes 
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[Van tier Horst (40)^ FCiblcr (14)]. Tlic subjects 
Were given two lists of charncicristics in tHuiosc from, 
one list based on Kreischmcr^s ilescripiinn uf the cyclo- 
thyme, the other on that of the schiznihyiiic, nntl were 
asked to choose the list which cicscrihci! them more 
accurately. Almost all the pyknics chose the cycln- 
thyme list, and the large majority of Icptosonics chose 
the schizothyine list. 

In this country Naccaraii ami (larrcit (27) found 
a slight positive relationship between inacrnsplaiicbny 
(roughly identical with “pyknitiiy'') and emotional 
instability as measured by the Wooilwonh Personal 
Data sheet. A follow-up study by Cinrrett and Kel- 
logg (8) failed, however, to corroborate this finding. 

The word-association test shows a greater teiulcncy 
for leptosomcs to give meaningless associations, or as- 
sociations difficult for the experimenter to unilcrstaiul 
(autism?), while pyknics give rather more predicative 
or “feeling” associations. Leptosomcs lend u> per- 
severate, frequently giving the same response to dis- 
similar words [Van der Horst (40), Uaycr (19)]. 
They appear to have their thought processes concen- 
trated around a central point, while the pyknics have 
true “chain” associations. Murphy (26), however, 
failed to find any clear differentiation in the types of 
word association given by manic-depressives and 
schizophrenics. 

Studying “affectivity" by means of tlic psychogal- 
vanic tedex, Enke (5) found that when the subjects 
were first placed in the experimental situation it took 
a longer time for leptosotnes to teach a "resting" level. 
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Leptosomes also reacted more violently to a variety of 
sensory stimuli (i.e., odors and loud sounds), and 
when engaged in mental work (arithmetic), but pyk- 
nics showed more marked responses to pain stimuli, 
Enke says this indicates the greater sensitivity of pyk- 
nics to “vital feeling" as against the insensitivity of 
schizoids (cp. catatonic symptoms in schizophrenia), 

On the motor side, leptosomes tap faster when told 
to tap at their natural or most comfortable rate [Van 
der Horst (40), Enke (4)]. In motor activities in 
which many muscles come into play^ pyknics are su- 
perior; their movements are more rounded and flowing 
[Enke (4), Oseretsky (28), Ossipowa and Ssucharewa 
(29)]. Very fine and delicate movements are, how- 
ever, carried out better by leptosomes. Fatigue comes 
on gradually in the case of pyknics, suddenly in that 
of leptosomes. The handwriting of the two groups 
also differs [Jislin (12), Haarer (10)]. Pyknics 
write a flowing hand, the letters connected, the writing 
straight and of medium height, the letters very similar 
to each other; there is a similarity in the writing of 
most pyknics. Leptosomes differ much more from each 
other, but their writing is usually angular, with uni- 
form pressure, the letters often separated, the writing 
frequently infantile and uncertain, with many stereo- 
typed curves and figures. 

As far as intelligence is concerned, Kretschmer does 
not lay any stress on possible differences between con- 
stitutional types. Naccarati (27), however, suggested 
that intelligence was slightly but positively correlated 
with microsplanchny (corresponding to the leptosome 



156 


0, KMNEHIiRO, H. K. ASCII AND 11. BLOCK 


habitua, but Garrett and Kcllogt' fH| repealed the 
study with negative rcsuiis. Mohr and (njmllacli 
(23), in ft study made at Jolici pristni, found Icpto- 
somes to be superior to pyknics in Army Alpha, but 
this may be accounicil for by n di/Tcrciicc in the back- 
ground o£ the two groups. It may added ilwit their 
other tests tended on the whole to corruhoraie the Iind- 
ings of the German iiivesligaiors, but the differences 
were small, and the rclatinnship between physitiue 
and “temperament" at best a slight one, 

The more important general conclusions arrived at 
by the German investigators may be suniinari/xd as 
follows, Pyknics (cycluthymcs) as contrasted with 
Jeptosomes (schizothytnes) have a greater perception 
span, are more distractible, have less power to ah* 
stract, less “cleavage capacity” or “ISpnltungsfiihig- 
keit,” better incidental memory, respond “.syntheti- 
cally" (leptosomes "analytically") in the case of a 
difficult perception, are more sensitive to colors (Icp- 
tosomes to forms), sec colors as blends more ipiickly, 
respond as "extraverta" to the Rorschach test (lepto- 
somes, "introverts"), diagnose themselves as cyclo- 
thyme (leptosomes, schizothyme) , give more chain 
assQciaticns in the word association test (leptosomes 
more perseveration and more meaningless associa- 
tions), show less marked psychogalvanic reactions ex- 
cept to pain stimuli, and arc superior in motor tusks 
except those which require fine and delicate move- 
ments. The handwriting diflfcrcnccs are not clear, aiul 
the differences in iiitclligcucc negligible. 
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G. Criticisms of Types 

Kretschmer’s theory of types is important precisely 
because it is a theory. It offers highly interesting and 
challenging suggestions for the study of the organiza- 
tion of mental and emotional activities along causal 
lines, in contrast with the prevailing more random and 
empirical procedures. It also offers the hope of a 
systematic account of individual differences and of the 
relation between mental traits. In spite of this, the 
theory has been relatively neglected by American psy- 
chologists. 

The reasons for this neglect are not hard to find. 
Kretschmer’s theory of types — and for that matter every 
type theory — is the outgrowth of qualitative analysis; 
although it supplements its assertions by experiments, 
these are considered secondary and supplementary to 
the main thesis. 

Mental measurement in America, on the other hand, 
has traditionally stressed the quantitative and statisti- 
cal approach to the problems of individual and group 
differences. In addition, however, to the differences 
in intellectual and historical backgrounds prompting 
these two "types" of approach, there is a more specific 
reason for the distrust of type psychologies in America. 
The reason is an empirical one. Quantitative measure- 
ment, and specifically the normal distribution of abil- 
ities, is held to have furnished definite proof of the 
presence of one type, namely tjie average, whereas 
type psychologies seem to single out a few extreme and 
rare cases, emphasize their contrasts, and arbitrarily 
constitute them into types. 
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A dearer undcrstantllng of thd objection to type 
theories may be obtained through a tictailcil analysis 
of a representative and comprehensive criticism. Prob- 
ably the best and most influential of these criticisms 
is that of Thorndike, vigorously elaborated in his 
E^iucallaiial Psychology (3K). 'riiorndikt: asserts 
that type formulations arc in conllict with experimental 
evidence on the following grounds; 

(1) Diftcrcuccs in ability grade iolii cacli dilicr con- 
tinuQUslj’. 

(2) Only one ccivtrnl tendency is generally found in 
distributions of pcrfomtiincc scores. On ilic oilirr liaiiil, 
no single tendency would be prcAcni "wiili mure tban one 
type. 

(3) Multhiyfc theories imply the existence ol niuhi' 
modal disiribulions. No such (listributions linvc been .sati.S' 
fiictorily (IcruonstrHied, 

(4) "Pure" types arc rare. They m cxircmc nm) 
atypical members of (heir groups, and more idiuisibly lu lie 
conceived as deviates from the norm. 'I'lir criiirhnt is here 
implied that conclusions based on "pure" types CDuld niit be 
generalized to the bulk of the popiilnlion. 

(5) Negative correlations bciwccn ircnial innts nre 
relatively rare. They ire demanded in type tlicorici. 

As one considers the various objections marshal led 
against mnltitype theories the interesting situation is 
presented in which the critics ignore the assumptions 
on which type theories are based. This seems to be 
the clue to the understanding of type criticisms. The 
types that are attacked are statistical types, but type 
concepts are not statistical: they arc neither contra- 
dicted by the presence of normal distributions of ability 
nor do they requite multimodal distributions. 

The confusion seems to be produced by the iinac- 
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knawledged conversion of the central tendency from 
a statistical reference point into an experimental ref- 
erence point. It is undoubtedly convenient to treat 
all points on a curve of ability as deviations from the 
mean. It may be equally convenient and “true,” when 
the purpose is scientific explanation, to regard the cen- 
tral tendency as a deviation from both extremes, This 
is precisely what the geneticist does when he explains 
his “mixed” and numerically preponderant mongrel 
groups in terms of extremes of “pure” and rare types. 

That the notion of a single type is an inference from 
the fact of normal distributions of ability is recognized 
at one point by Thorndike, as is evident in the follow^ 
ing statement; “By the theory of a single type, one 
make-up can be conceived such that from it all indi- 
viduals would differ less than they would from any 
other make-up, and such that the greater the diver- 
gence, the rarer they would be." This statement is a 
powerful argument for a single-type theory of incntai 
abilities. Thorndike believes, however, that this is the 
only possible inference, for he goes on to say that “by 
the theory of multiple types, no such single true cen- 
tral tendency would exist.” 

We cannot agree with the latter statement, for as 
has been indicated above, “pure” types may in succes- 
sive generations act so as to produce a numerically 
preponderant central tendency. It seems clear, there- 
fore, that the fact of the normal distribution of ability 
(or the absence of multimodal distributions) , the pres- 
ence of single central tendencies, and the rarity of ex- 
treme cases are not conclusive objections to multiple- 
type theories. 
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Up to this point our consitlcraiinns have ccnicreil on 
the distributions of sin(fh nhiliticS- Type theories arc, 
however, fundiinicntally theories of the orffditi'Mtfion of 
mental abilities, and the term type refers to i ncccssaiy, 
or causally connected, organi/.aiioii hciween dilTcrent 
traits, It is by c.xaminiiiK the rchtionsliips between 
abilities that we may be able m state the cornlitions 
which a theory of types must meet if it is to be scien- 
tifically established. 

What lends distinctiveness to a ilicory of types is not 
the assertion that type A differs from type Ji in func- 
tion A'. The differences between (lie types arc r/cucrnl 
and extend over a wide range of mental activities. 
Thus, type A may be superior in fiirn'lions X and T, 
inferior in function 2?, etc. On (he basis of these state- 
ments, we may indicate one preliminary conditinn for 
the proof of a type theory: the functions wliicli distin- 
guish between two types must conform to the statisti- 
cal requirements of a menfdl /rni/, or rjvoup loclor, 
The proof of a group factor has been staled by Kelley 
(13). It consists of the demonstration of a central bond 
that relates the abilities in question, and is indepeiulent 
of other abilities or traits. 

Group factors do not, hoivevcr, establish the pres- 
ence of types. It is the assumption of all corrclatioiuL 
studies that the results they find are true of their groups 
as a whole. It is the assumption of group-fncior siiidics 
that their results would remain unaltered (apart from 
the influence of the number of cases and of chance 
errors of sampling) if they were based upon any por- 
tion of their group selected by means of an external 
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criterion (such as physique), It is here that the dif- 
ferences between group factors and types become ap- 
parent. For according to the theory of types, correla- 
tional results will change radically with the change in 
the comprjsition of the groups. Suppose that type A 
is superior to type B in functions X and Y. Then a 
correlation between X and Y obtained with a popula- 
tion composed of both types is bound to be high and 
positive. Conversely, suppose that type A is superior 
to type B ill function X and inferior to type B in func- 
tion Z. The correlation between X and Z, when based 
on a population consisting of both types, will be high 
and negative. Both correlations will become, how- 
ever, drastically reduced when the population consists 
of only one type, We are now ready to state the neces- 
sary condition for the proof of the presence of types: 
the correlations between abilities within a single type 
must be signihcautly smaller than the correlations be- 
tween abilities for both types taken together, 

In this connection, the criticism advanced by Thorn- 
dike and others concerning the relative absence of nega- 
tive correlations becomes important, A type theory 
seems to demand negative correlations between func- 
tions, when one type is superior in one function and 
inferior in the other. This criticism is significant. The 
qualification should be made, however, that the possi- 
bility of negative correlations has not been disproven 
and that type theories deserve attention, if for no other 
reason, because they might suggest the locus of such 
negative relationships. 

It has been the purpose of this discussion to show that 
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the concept of types can he placed on a sound scientific 
fooling and that strict conditions for its proof mny be 
developed. Wt have tried to show that lioili the cf)n- 
cept of a single and of multiple types arc Ifijt^rcnces 
from the facts of measurement, and that both arc plaus- 
ible scientific hypotheses. It has been our hope to 
conciliate two divergent lines of lliought, first by estab- 
lishing the claim of the concept of types to a position 
of importance, and then by poiiitiiiK “tit that its final 
verification can be accomplished only by the use of 
quantitative and statistical methods. 
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THE FIRST STUDY 

A, PUOCEDUHIL 

1. The Subjects. The necessity for a considerable 
degree of homogeneity with regard to age, sex, race, 
educational and social background for subjects in a 
type study will become apparent in subsequent discus- 
sion. The subjects of this study met the conditions of 
homogenity in a highly satisfactory manner. They 
were selected from a group of 1S3 students in a course 
in general psychology, in Brooklyn College. All the 
subjects were males. All, with the exception of 4, were 
Jewish. Their average age was 19 years and 9 months, 
with a standard deviation of 17 months. The great 
majority had received their education in the school 
system of New York City. In addition, they were rela- 
tively homogeneous with regard to occupational back- 
ground. Approximately 75% of the subjects came 
from homes of shopkeepers, merchants, salesmen, etc,, 
while the bulk of the remainder had parents who were 
skilled laborers. The reader will find more detailed 
descriptions of the background of groups from the 
same college system in the studies of Schneck (34), 
Anastasi (1), and Smith (36). 

2. Physical Measurements. The first task was to 
select accurately subjects for the leptosome and pyknic 
categories. No completely satisfactory method exists 
for such classification. The important difficulty is the 
fact upon which all investigators in this field agree — 
that there are large numbers of individuals who possess 

[ 163 ] 
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traits credited to both type?. Thus Krettsehtner is very 
frequcniiy led to speak of iiulividuals whu are ‘‘pre- 
dominantly" Icptosomc w pyknic. Tn use his own 
words, "we could reel ofT here, aiul with nihcr types, 
innumerable mixtures of such a kirul: there is abso- 
lutely no single criterion which caiiiiui be varied by 
and combined with marks of another lypcT 'I'his sit- 
uation was fully Confirmed with iiur subjects. It is 
apparent therefore that separation (if subjects into phy- 
sical groups must be empirical and to some extent arbi- 
trary, pending the deveiupmcni of imnc reliable norms 
than we now possess. 

The physical trails measured were the (ulhiwing; 
standing height, sitting height, weight, shoulder 
breadth, and chest circumference. All measurenieius 
were taken in accordance with the. standard procedures 
described by Martin (22). The chest circumference 
was measured with a cm. steel tape; the shoulder 
breadth was measured with a large pair of calipers. 

On the basis of these measures, a ruimbur of indices 
were computed which have been used in the past by a 
large number of investigators, to dilTereruiaie between 
the physical categories. These were as follows: 


( 1 ) 

(2) 

(3) 

(+) 


Stanillng (in etna) 

Weight (in kgs.) 

StBRiling Ht, (in ems] 

SUtlng He (In tins) 

(Sianding lit,)’ 

Silling Ht. X \Vclgl\l 
I’ignct Index « (Weight -p 


(5) Clieit — Shoulder Index ™ 


Chenl Ciri:iii(lfcrej)((!) 
Shoulder UreniUh 


llciglii 


Chesi Cifcnmlerencc 
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In view of the absence of clear-cut criteria, three 
di/Tercnt procedures were employed to separate the 
subjects into the main physical groups. 

The first method of classification consisted of the 
experimenter’s estimate or "diagnosis" of the subject's 
physique, based on general appearance, All estimates 
were made with the subjects completely stripped. 
These estimates were arrived at before objective meas- 
urements were taken and may consequently be re- 
garded as independent of the objective measurements. 
The experimenter’s estimate took into account not only 
the impression produced by the relationships of the 
physical features, but also included a set of features 
not readily accessible to quantitative measurement, but 
regarded by Kretschmer as having diagnostic signifi- 
cance, such as the contour of the face and neck, the 
firmness of the musculature, the amount of adiposity, 
the shape of the hands and feet, the color and turgor 
of the skin, etc. This method we will designate as 
the method of Diagnosis. 

The distributions of the physical measures of the 
leptosomes and pyknics, as classified by the method of 
diagnosis, showed large non-overlapping areas which 
diverged from each other in the expected directions. 
These distributions served as the starting point for the 
second mode of classification, i.e., the method of In- 
dices. The boundaries of the intermediate areas 
where most overlapping occurred were adopted as the 
limiting values for inclusion in one of the two cate- 
gories. All values of an index above one boundary 
were regarded as characteristic of one physical group, 
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while all values below ihc nthcr binindary indicated 
membership in the other group. Subjects falling 
within the intermediate /one were regarded as 
"doubtful" and were eliminated from this study, When 
all of the significant index scores of a subject placed 
him with one group he was inchuicil in that group. 
This procedure eliminated practically all overlapping 
between the distributions of the important indices for 
the Icptosomes and pyknics. 

While the agreement between the classifications of 
the two above-mentioned methods was very close, it 
was not perfect. We therefore adopted a third method 
of classification, by the formation of a third group con- 
sisting of only those subjects who were classified in the 
same way by both the indices and the cxperimciucr’s 
estimate. This classification is presumably more accu- 
rate than either of the other two in which the criteria 
were cither the objective measures alone, (tr the ex- 
perimenter's estimate alone. We will design, ite this 
procedure as the method of Intiiccs and Dinr^tiosis, 
Subsequent comparisons of die performances of lepto- 
somes and pyknics will be nude separately for each of 
these three methods of ciassificalion. 

3, The Tests, In our selection of tests for this in- 
vestigation, we were guided primarily by the attempt 
to measure those functions which arc regarded by die 
German investigators as differentiating the lepto- 
some and pyknic types. The folloiving tests were 
given: 

The Oiir Self-AdmimsJerinp Test of Mtiilnl dbiiify ttiven 
under n time limit of 20 minutes, This teat wns incUiilcd not for the 
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purpose of discovering possible differences between tlic Icptosome 
and pyknic groups — for nil the relevant evidence indicates tlie un- 
likcliliood of such a result (17), but rather to make certain that the 
hvo groups were cciuated In intellectual level. If any significant 
differences were Inter found witli other tests, it would liave been 
possible to rule out the factor of intelligence as an explanation. 

Lecky Ind'widualUy Record. This inventory, constructed by 
Lccky (21), consists of 160 questions, attempting to measure the 
subject's general attitude toward a number of social and personal 
prablciiis. In a recent study by Pallistcr (30) tin's test was reported 
to show a general factor, Indicative of a negative or withdrawal 
attitude. The strength of this factor is very highly correlated with 
the total raw score. The test is divided into eight categories, desig- 
nated as optimism, habits, nervousness, social adjustment, coopera- 
tion, pliysical well-being, sex attitudes, attitudes toward tlic family. 
In addition to the total score, a score of unevenness or inconsistency 
was obtained. This measure was determined by subtracting from 
the average score (the total score divided by 6) the scores for each 
of tlie clglit component parts oi the test, and adding tlic icsulting 
deviations. 

Gtuiral hifoi'mathn. This was a test of general information, 
devised to measure the extent and imfurmU^ of the subject's ac- 
quaintance with a set of facts drawn from 13 cliffrrent fields of sub- 
ject matter. Tiie materials for this test were partly taken from 
existing achievement tests and partly made up by the authors. The 
total score was taken as a measure of the extent of information, 
while the unevenness of Hie scores was calculated In the same way 
as the unevenness on the Lccky Individuality Record. The test 
consisted of 130 questions. No time limit was set for this test. 

Digit Memory Span. Two forms of this test were presented; 
one using the visual method, the second, the auditory method. The 
number of digits read ranged from 4 to 13, one second being allowed 
for the reading of each number or for its presentation. Four forms 
of each test were presented. The score was the average memory 
span. It will be observed that the auditory method involves the 
successive pi'csentation of single numbers, while the visual method 
involves the simultaneous presentation of all the numbers, The pur- 
pose was to find whether the relative position of two groups would 
shift at all as the method of presentation was varied. 



166 


0. KI.fNEftBRO, 5. E. ASCII AHf) II. HIX)CK 


SprtluingifahiffkeU Tttl tit lesi of "ckava^e capafily.” The pur- 
pose ol this meaRurc, and nf to hf Milw^pirnily drscribeil, was 
to compare by means of a variety of mairriats. ihr abiliiy of the hvo 
groups to respond to a large numher nf siimuil presented simul- 
taneously or successively. AccnrillnR to Kle!■^;hru^r. ihe Icptosomes 
arc characierislically superior nrtJ llic pyknirs consincntly inferior 
in the pcrfonnancc of such tasks. That this capacity for responding 
to a nmltipViciiy ol laciors within a sinj*\c Misuthm marks fhr luniln- 
mental difference between the type* is inilicaicd in the following 
statement from Krcischmcfi 

It ii m elementary fad of contiiiuiion, and In, for example, 
much greater amona iodiviiluali of lcp)o«.nmaiic ImJily huilil, 
ihnn in those of pyknie phyiiqiie, whatever ihe rxpeiimtnial 
lituaiion may be. This cleavage capacity Is a lotti rharacier- 
lilie to which vre can trace back a whole yetiei nf comtdicnteil 
mental propetlies svhich arc nf fiindamenial ligniriranee in 
dKIereniiating lypei of perionaliiy and thiliiy, )hiiI> with normal 
people Ar\d iltoie bearing lk< ilamp nf gchiut. Such menial 
chdraclerlsiict arc: the inclination lo alitiran or to conrrelc 
thinking, (he tendency to analysia sir »)rnihp*U in leamninR aiul 
pcrcopllon; and, In ihe oflcctive life, the irntlcnr)\ or ilic 
alienee thereof, to build up ctsiotlonilly-ianril cnmpicxci. 

(IB. PP. JO-Sl) 

Eitch trial of tlic "cleavage cnpnciiy" iimi cunsi^lcil id u group id 
letters rend to tlic subjects, each letter being reijcaled once or more 
than once during the reading (c.g., ji-b-h-n-a-l)-). Tlir rc.idings 
were recorded on a plitmoRfapli record obi.erving an inlerv:tl of twn 
seconds between successive letters. 'Hie subjects tvrrc insiriictcil to 
record after the total presentation) on npproprialrly iireparcil answer 
sheets, the number of times each Idler was repcaictl. They were 
strongly cautioned to avoid counting with any part of llie hiiily* 
and in general, to make no use of any "cxtemnl" nidi;. 'I'lic test 
was varied according to the number of dirferent letters employed in 
a single reading and according to llic length id each reading, 'rhe 
number of different letters read varied from 2 lo {.l-lf; d’l.-l'; 
D-K-R-T), while the total number «f letters read varii’d from 6 to 
22. A similar procedure was followed in ilie picsi'niaiiiin id lisiii id 

’The records of four luihjBCK wlio were olucrvcil making unr nf nldn, 
aucli as CQuaUivB w\i\\ lie c\e. vrtie cVmdftMcd, 
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numbers. The different numbers read were l~2j 5-5-7; and 4-6-S-9. 
The length of the lists varied, again, from 6 to 22. The scores were 
stated in terms of errors, and errors were expressed in terms of the 
difference between the actual number of readings of each letter and 
the reported number of readings. 

Cancellation of Letters. These tests consisted of mimeograiihed 
sheets of unrelated letters. The instructions to the subjects were to 
cancel given letters as rapidly as given compatible with maximum ac- 
curacy. The length of each trial was 1 minute ; the interval between 
trials was 30 seconds. After a preUminary set of 5 trials in the 
cancellation of a's, designed to equalize some of the general differ- 
ences in past experience and in the adjustment to the task, the 
following tasks were presented: the cancellation of letters B-Rj 
D-K-Sj F-M'Q-X; C-H-P-T-Z. The tests became increasingly 
more difficult as the number of letters to be cancelled Increased. 

Cancellation of l^uinhers. A similar procedure was followed with 
a set of tests involving the cancellation of numbers. There were 
four trials in the cancellation of each of the following groups of 
numbers; 1-2; 3-5-7; 2-4-6-8. The tasks were rotated, and here 
too they were preceded by five preliminary trials in the cancellation 
of O’s. The purpose, again, was to find, first, whether the groups 
differed on any of the tests and, second, whether the relative stand- 
ing of the groups would shift as the number of items to be cancelled 
during any single trial was increased. 

A Test of Incidental Memory. The subjects were presented with 
a connected but unfamiliar English passage dealing with the social 
life of the Eskimo. They were under instructions to underline all 
words containing one or more tfs. As soon as a subject completed 
a task, his time was recorded and he wm given a list of 100 questions 
based on the content of the passage. Each question could be answered 
in three different ways; ns true, false, or uncertain. Scores were 
expressed in terms of the number of right answers and of wrong 
answers, 

This test, which has generally been used to measure 'logical' mem- 
ory, or memory for ideas, has not been administered before in this 
way. It was included in this series in order to test individual 
memory as well as to determine whether there were any (Hffereiiccs 
between the constitutional groups in their ability to perform the 
given task without being distracted by tlie surrounding meaningful 
material. 

All the above eight tests were administered in groups of approxi- 
mately 20. 
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B. Results 

1. Physical Resultt. The results ohiainctJ with the 
physical measures, including ilic avcraj'cs, siaiulard 
deviations, and the reliability uf dilfcrcnecs between 
the pyknic and Icptosanic groups, arc presented in 
Tables 1, 2, and 3. Reliable tlifTcrcnccs between the 

TAHLE I 


Mbans, Standard Deviations, and Heliadility np DimsENCEs 
OP Phvsical Measures or LEmisoMR anu Pvknic Groups 

WHEN ShLBCTBD on TUB BaSIS op EXHfiWI.MP.NTER's DlAONOSIS 


MtAiure 


INknk** 

core 


IrUljlU: iianditiK 

i.H 

)fi9.?2± 5.12 

4.52 

4,10 

Hdghi: lining 

90.a6‘i: LIZ 

B970± 5.42 

1.56 

2,J4 

Wilaht 

iAA 

69.12*10.16 

5.92 

3.53 

Shoulder breadili 

IJD 

5?.22& 1 91 

I.OI 

2.73 

Cheit circum(erene« 

M.Ua; 4.W 

V4.IS* 5.?3 

5.96 

i.6? 

8l. Height X too 

277.IO±aj.$5 

aS242±2».55 

24.81 

4.56 

Weight 

Si. Height X 100 


in.U± 5.16 

1I9.55± 4.99 

2,73 

2.76 

8(U, m. 

Pignet ln(te<t 

+ I9.W± 9.10 

+4.!0&U.at 

IS. 30 

7.43 

Su He St. Hi. 

X 

X IDO 532.1 ±49.10 

467.00±jS.4U 

65.10 

6.07 

Wt. Skt. Hi 

Chcil-S^oulder Index 

421.1 ±20.30 

403.2 ±17.10 

17.9 

4.86 


•N =70 

■•N =40 


two groups have been found, for cacli of the three 
methods of classiftcation, in the followint^ measures 
and indices; weight, chest circumference, height- 
, weight ratio, the Pignet index, the chest-shoulder in- 

dex, aad th= index , 

weight X sitting heiglit 

The large differences between the two groups in 
weight and chest circumference are in accordance with 
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TABLE 2 


Means, Standaud Deviations, and Reliaeility of Differences 
OF Physical Measures of Leptosomb and Pyknic Subjects 
Selected by Objective Indices Alone 


Measure 

Leptosome*^ 

Pyknic** 

Diller- 

ence 

D/ffd 

Height; standing 

170,96± 5,89 

171.S2± 6,40 

.56 

0.50 

Height: sitting 

a9.32± 2,6+ 

90,30± 2.95 

.98 

1.92 

Weight 

5B,8+± +.00 

71.80± 6.56 

12,96 

13,09 

Shoulder breadth 

37.78-t- 1.73 

38,55± 3,77 

,77 

2,41 

Chest circumference 

BB,01-H 3,51 

95.5H- 5.9+ 

7.50 

B.43 

Height X 100 


291.35-1-15,9 

239.75-*-19.S0 

51.60 

15.78 

Weight 

Standing Ht. X 100 


192,01-1- +.80 

190.2O± 4.83 

1.81 

2.06 

Sitting Ht. 

Fignet index 

+2+,90-f- +,75 

+3,a5± 8.40 

21.05 

16,8+ 

Ht, St, Ht. 

X X 100 

S60.60-«-3S,+0 

+53.50-1-36.90 

107.10 

16,11 

Wt. Sitt. Ht. 

Cheat-Shoulder index 

430.3 ±20,30 

404.7 ±18,10 

25.6 

7,23 


*N=SB 

•*N=iO 


TABLE 3 

Moans, Standard Deviations, and Reliability of Differences 
OF Physical Measures op Leptosome and Pyknic Groups 
■WHEN Selected by Indices and Diagnosis 


Measure 

Leptosome* 

Pyknic*" 

Differ- 

ence 

D/ffd 

Height: standing 

372.36± 5,60 

16S.80± 6.72 

3.5S 

2.41 

Height: sitting 

89.82± 2,96 

a9.40± 3.36 

0.42 

0.57 

Weight 

59.4C± 4.00 

72,92± 8,80 

13,52 

7.91 

Shoulder breadth 

37,91-t- 1,74 

38.S3-t- 1.76 

0.62 

1.88 

Chest circumference 

S3.40-t- 3,36 

96.20-1- 4.62 

7.80 

7,96 

St. Height X 100 


29C.60-»-16.aC 

235,55-^21,45 

55.05 

11.89 

Weight 

St, Height X 100 


192.73-t- 5.19 

189.tSl-H 4.68 

3.12 

2.74 

Sitt, Height 

Pignet index 

-I-22.75-*- 5. 55 

— O.IS-H 9.30 

22.90 

12.12 

Ht, St. Ht. 

X X 100 

SS9.40-f-3S,70 

442.10-H36.00 

117,30 

13.93 

Wt. Sitt, Ht. 

Chest-Shoulder index 

429,1 ±17.80 

401.3 ±17,60 

27.8 

6,70 


•N=4tf 

••N=30 
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the general trend of previous results. [Kretschmer, 
(17, 18), Van dcr Horst (4()), Mohr and Gundlach 
(23), etc,]. Of special interest are the large index- 
value dilTercnccs between the groups, since they repre- 
sent relationships between the physical measures'. The 
height-weight ratio, which difFcrcniiatcs significantly 
between the two groups, is an iniporiani though simple 
index. Mohr and Gundlach (23) report a correla- 
tion between it and a much more comprehensive index, 
namely 

chest circ, -b abdomen circ. T hip circ. H- weight 
height 

of +.865 for 174 male eases. There was also a cor- 
relation of +.92^.009 between the same index and 
the height-weight ratio for 423 women college students. 

The PIgnet index has differentiated nur groups 
most clearly. This finding is in agrceniciu with that 
of Farr (7) who found this to be the best nf 75 dif- 
ferent indices, and who also reports that it correlated 
best with total objective measurements and general 
impressions derived from special X-ray and clinical 
examinations. Of the remaining indices, the chest- 


shoulder index and the 


(standing height)* 


- index 


sitting height x weight 
have also been valid for the separation of types. 

It is of particular interest to note the general agree- 
ment of the results obtained with the 3 dilTerent pro- 
cedures. In view of the correspondence of the results 
of the three methods, it seems reasonable to conclude 
that they confirm each other’s validity. 



TABLE 4 

Average Measurements of Leptqsome akd Pyknic Groups (Weight in Kgs.; Other 
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Comparisofis^^ilh mri//i »/ inva/if;fihn. It 
is imporiant, in studies oJ this kinvi, in compare the 
obtained norms with those given by mher investigators 
for other groups. We arc therefore presenting in 
Table 4 a few comparisons in the incnsiires on which 
the most important indices were based. It will be ob- 
served that there is considerable agreement between 
the means and standard deviations uf the measures of 
the present and other groups, 

'VVcstphal, a co-workcr of Kretschmer, has published 
In a recent study (45) norms for a tuimbcr of indices 
based on 439 “pure" physical types sciccletl from 702 
men. For these the author gives the curves uf distri- 
bution and the ranges of the indices. The correspond- 
ence between Westphal’s values and ours for the most 
important index, the Pignet, is very close, as is apparent 
from a comparison of the respective ranges. 'I’bis is 
true despite the fact that the figures ctf W’cstphal refer 
rather to the most frequent range, excluding extremes, 
while our range values represent the difference between 
minimum and maximum measures, Wcstplml finds 
that the range of the pyknics on the Pignet index ex- 
tends from— 10 to -f20; our range for pyknics is from 
— 15 to +12. The Icpiosonie range iSj according to 
Westphal, from +10 to +30; our leptosnme range ex- 
tends from +17 to +35. Similarly, close agreement 
exists between Westphal's norms for the chcst-shouldcr 
index and our norms. 

2, Correhlions between Physical Mtnsuves, Evi- 
dence of a somewhat different character showing ilie 
possibility of cUssitymg considerable numbers of in- 
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dividuals as leptosomes or pyknics is furnished by the 
size of the intercorreJations between some of the physi- 
cal measures and indices. These are presented in 
Table 5. It is noteworthy that our important indices 


TABLE 5 

iNTEn-CORRELATIONS BETWEEN PHYSICAL IHSASOEES (N = 140) 




Cheat 




Pignet 

circum- 

Height/ 

Standing 


index 

ference 

Weight 

height 

Chest-Shoulder 



+ .430 


index 

±.(H2 


±M7 


Height/Weight 

(Sitting height)^ 

Weight >: Siti. lit. 
Sitting height 

+.8640 

±.012 

—.7734- 
± .023 


+.6739 

±.031 


show significant correlations with each other (in ac- 
cordance with the general trend of biometric results), 
thus pointing to marked relationships among physical 
traits as a basis for classification of physiques. This 
finding is in striking contrast to the absence of similar 
correlations (to be presented shortly) between the 
mental test scores of this study. 

We conclude, as a result of the foregoing discus- 
sion, that {a) our physical measures are representa- 
tive of the population from which our group was 
chosen; {b) that the relationships between the measures 
conform closely to those generally found for groups of 
college students ; (c) that the separation of the subjects 
into two physical categories is valid, in view of the gen- 
eral agreement between our results and those of other 
type studies; (d) that the validity of the classification 
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is confirmed by the close agreement between three dif- 
ferent methods oi selection; and (i*) that the obtained 
significant correlations between measures and indices 
lend additional support to the practicability nf divid- 
ing subjects into dilTcrcnt physical categoric!;. 

3. Mental Perlonuances. In the analysis of the 
results three separate comparisons between the pyknic 
and leptosome groups were made in accordance with 
the three methods of classification used. Tn each case 
the averages and standard deviations were computed, 
and the significance of the difFcrences between the aver- 
ages was determined. 

The results are presented in Tables 6, 7, and H and 
are consistent and unambiguous. As an illustration of 
our findings, we present in Figures I and 2 the distri- 
butions for a group of leptosome and pyknic subjects 
on a physical and mental test. There is practically no 
overlapping on the physical measure, the Pignet in- 
dex, while the overlapping on the cancellation test is 
all but complete. This illustration is characteristic of 
the trend of our results. They show the absence of 
any significant differences between the two groups on 
any of the mental tests, for cnch of the methods of clas- 
sification used. They fail to confirm, within the limits 
of the present investigation, the findings of Kretschmer 
regarding type differences on the mental side. 

The same conclusions arc furnished by a somewhat 
different treatment of the results, namely, the correla- 
tions between some of the physical indices and some of 
the mental performance scores. These are presented in 
Table 9. Without exception, the intcrcorrelaiions be- 



Means, Standard Deviations, and Reliability of Differences of Performances op 

Leptosome and pYKjnc Groups 
(Method of Diagnosis) 

Leptosome Pykoic 

Measure N Av. a N Av. a D/xd 
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iVI^ANs, Standard Deviations, and Reuabjlity of Differences of Ferfokmances of 

Leptosome and Pyknic Groups 
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tween the physical and mental measures are insi^vnih- 
cant. "While this procedure of correlating perform- 
ance scores with jingle physical measures would not he 
justifiable if a relationship were estalilislied hctwc’ca 
each physical category and mental performance, in the 
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TABLE 9 

Correlations between Physical Indices and Performance 
Scores (N =* 110) 




(Standing Height^’* 


Pignet index 

Silting Height X Weight 

Otis 

-I-.Dl ±.065 

— .U38±.06S 

Lecic^ scare 

Auditory span 

+.11 ±Mi 

+ .1H9 ±.065 

— .0+9±.0fi5 

—.091 ±.065 

Spalt. +-6-8-9 

+.067-** .065 

+ .087 ±.065 

Incidental memory; right 

— .110+.06S 

—.076 -<-,061 


absence of such evidence it tends to confirm our nega- 
tive conclusions, 

Of similar import are the intercorrelations between 
the different psychological measures, which the reader 
will find in Table 10. All of the tests, it will be rc- 

TABLE 10 


Intercorrelations between Mental Tests (N = 110) 



Spnlr. 

Spall. 

Spalt. 

IncidenlaJ 


3-5-7 

4-6.3-9 

1-2 

mem. ; 

Auditory span 
Cane, C-H-P-T-Z 

—.203 ±.062 
— .1900±.062 

— .284±.059 

— ,Ii6±,063 

— .062+±.06+ 

Incidental mem. 
Lecky score 

— .0g5I±.064 

— .097±.064 




called, were designed to measure abilities differenti- 
ating the two groups. It should follow that the inter- 
correlations between the tests, obtained from a popu- 
lation consisting of both types, would be fairly high. 

The conclusion is clear, from a survey of the inter- 
correlations, that the different tasks under considera- 
tion have nothing in common with each other. As a 
matter of fact, we find a surprising consistency of nega- 
tive correlations, although these are small, and signifi- 
cant in. only 2 cases out of 7. That the small correla- 
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tions are not artifacts caused by the low reliability of 
the separate teats will become clear if the reader will 
refer to Table lb giving the reliability of the tests. 


TADLE 11 

RflUAIllLmBS OP Mp.ntal Tpsts 


Tcit 

Author 

Relinliiliiy 

N. 

Otis Sel^ Aclminlalcrine; 

Oiia 

.925 

125 

Lccky IndivUuai'. scQrt* 

UadUter 

.937 

209 

VuubI span* 

Anasiaai 

.7U9 

225 

Canccllntion D-Rf 

Preicnt 

.9412 

120 

" D-K-St 

•t 

.8406 

J2D 

" P-M-Q-Xt 

M 

.8419 

120 

■' C-H-P-T.Zt 

II 

,7113 

120 

SpaltungstBhIgkeit Tcii^ 

11 

.6227 

UO 


•Rclinbllity was ciilculatcd by the split-itnlf mriliod and the ap- 
plication ai the Spciirman-Brotvo hrnuh. 

tRcllability was determined by comUting the scores n( the first 
arcl fourth tnala with the scores ol the second nnd third trials. 
The resulting cairel.iticn was stepped up by the Spcnnnnii-Mrown 
forenyU. 

tTIu’s value was obtained by correUting ilic senres of the test 
consisting of the letters C-L-F with the scores o/ (he test including 
the numbers 3-5-7. The lesulling inlcrcorrclation may be ncccptcd 
as a minimum value of the idinbiUty of each test. 

It will be observed that the reliabilities are fairly 
high. It seems reasonable to conclude, on the basis 
of the correlations between the tests, that we have evi- 
dence for the absence of a trait or of a group factor 
having reference to the ability to analyze groups of 
impressions, It is such a systematic and powerful 
central ability that is implied in Kretschmer's hypothe- 
sis as well as in his results. 

4, Inierpreinlion of Rejulis, These findings arc in 
such direct contradiction to those of Kretschmer and 
other German workers that the CjUDstion of the com- 
parability of the present experimental situation with 
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theirs is immediately raised. An answer to this ques- 
tion must be based upon (a) the extent to which our 
tests measure functions similar to those of previous 
workers in the field, and {b) the correspondence be- 
tween their methods of physical classification and ours. 

It goes without saying that we cannot prove the val- 
idity of our tests for the measurement of those capaci- 
ties which, according to Kretschmer, distinguish the 
leptosome from the pyknic types. It is possible, how- 
ever, to infer from the structure of the tests the nature 
of the demands they imposed on the subjects, and the 
kinds of abilities they probably called into operation. 
The subsequent sections will be devoted to an analysis 
of the tests from this point of view. 

That there are no differences between the groups 
on the Otis Self-Administering Test is clearly shown 
in the results. This finding was expected, in view of 
previous findings of the same kind [Heidbreder 
(11), Naccarati and Garrett (27), Garrett and Kt\- 
logg (8)]. The result is important, however, for an- 
other reason. Most of our tests are measures of in- 
tellectual performance of one kind or another. Given 
this situation, it was quite likely that they might all 
measure more or less partial aspects of whatever is 
measured by tests of general intelligence. By corre- 
lating the Otis Self-Administering scores with the 
other scores we were able to show that this situation 
did not hold. The results are presented in Table 12. 

The intercorrelations justify the conclusion that the 
tests of this study measured abilities independent of 
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TABLE 12 

Intbrcorrelations rbtwebn Otis Ski.k Aum. anii Other Tests 



r 


A* 

Otis nnd Siia1[ungs(iiluRkeit 1*2 

1 . '■ '• 1 - 5.7 

— .im 

± .0^1 

110 

—.270 

’J - .Ofil 

lOH 

Cl <1 •' ‘l-e-U-fl 

— .Ill 

■J/. .017 

no 

" Cnnccllailon C-M-l’-T-Z 


.(IfU 

iin 

" " Audiiory span 

•I-.2SU 

* .0^8 

117 

" '* iticidenlal memory: riRlit 

— J7f. 

± .1171 

u 

“ " Iiiformajioo score 

-K 2 r,l 

m .06(1 

110 

those found in tests of "gencrar* 

intcll 

ligence, 

, What 

abilities did the tests measure? 





The Spaltungsfahigkeit tesis, or tests of “cleavage" 
capjicity, were modeled upon the tests used by Kiblcr 
(14), This investigator exposed tnchistoscopically 5 
different cards, each containing nonsense syllables vary- 
ing in color (red, green, blue, and black), and in posi- 
tion. Each card was exposed twice. Before each ex- 
posure the subject was directed to attend either to the 
form or color of the syllables. Kiblcr reports (hat the 
leptosomes were "far superior to the pyknic.': in keeping 
distinct the different impressions." 

The subjects of this investigation were reiiuirecl to 
keep track of the number of times each of a set of 
letters or of numbers was read during a given trial, 
The test was systematically varied in two tlirections: 
(^) the number of different letters or numbers read 
within a single trial varied from 2 to 4; and (//) the 
total number of letters or lumibers included in a single 
trial varied from 6 to 22. The task confronting the 
subject was thus to keep together an increasing luimber 
of different stimuli as well as a proga'ssi\'cly increas- 
ing number of total stimuli. It would seem, therefore, 
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to exemplify what Kretschmer understands by Spal- 
tungsfahigkeit. No reliable differences, however, are 
present on any part of this test, for any of the methods 
of classification. 

The tests of cancellation were constructed according 
to the principle already employed with the Spaltungs- 
fahigkeit tests, The number of different letters to be 
cancelled within any given trial varied from 2 to 5 , 
while the different numbers to be cancelled varied from 
2 to 4, Again the test situation required the subject 
to react to an increasing number of different stimuli 
within a short period of time. Again the groups are 
not significantly different on the various parts of the 
test. 

The tests of auditory span measure the mfiximum 
number of different impressions which an individual 
can reproduce accurately immediately after presenta* 
tion. Differences between pyknics and leptosomes in 
span of perception have been reported by Van der 
Horst (40), Enke (3), and Kibler (14). These 
authors exposed tachistoscopically letters arranged in 
random order, directing the subjects to reproduce as 
many as possible. The number of letters reported by 
the subjects are given by Van der Horst and Kibler 
in the following summary: 



Van der Horst 

Kibler 

Pykrics 


MA 

Lepbsames 

66 

36. B 

Circulara 

32 

32.0 

Schizophrenics 

21 

27 .<1- 


Although the memory span tests do not measure pre- 
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cisely the same function as the span of perception, the 
causes tending to divide the types on the latter test 
should also operate with the former. The difTercnces, 
however, were unreliable for our groups. 

Two methods of presentation of the memory span 
material were used. The visual method permitted the 
simultaneous exposure of all the iniinbcrs, while the 
auditory method necessitated the successive presenta- 
tion of single numbers. According to the descriptions 
of the functioning of the two typos, wc would be led to 
expect that the pyknic subjects would be benefited by 
the visual method of presentation, and that the Icpto- 
some subjects would find the auditory method more 
advantageous (at least relatively to the pyknic sub- 
jects). From our results it appears that the clifTcrciit 
methods of presentation produced no reliable diifer- 
ence in the relative standing of the two groups, 

The test of incidental memory was designed to mcas- 
ure the relative ability of the two groups to concentrate 
effectively on a circumscribed task and to resist fairly 
potent and attractive distractions. According to the 
investigation of Kibler (14), previously mentioned 
with reference to the Spaltungsfahigkcit test, the pyk- 
nics were better than the Icptosomcs in reporting those 
features of the syllables to which their attention was 
not directed. The differences between the groups are 
entirely negligible on this test. 

The Lecky Individuality Record is a incasiu'c of 
the negative or withdrawal attitude (21). Van dcr 
Herst (40) and Kibler (14) claim to have found 
striking personality differences between the constitu- 
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tional groups. They studied the self-diagnosis of their 
subjects, which revealed a strikingly close agreement 
between pyknic build and cyclothyme disposition on 
the one hand, and leptosome build with schizothyme 
disposition. The following summary represents the 
results of Van der Horst: 



Cyclothyme 

Undecided 

Schizothyme 

Pyknic 

94.4% 

2.3% 

2,8% 

Leptasome 

12.2% 

17.1% 



From these findings one would predict that lepto- 
some subjects would be more strongly withdrawing or 
negative, No such difference appears in our results. 
The other measure with which this test furnishes us is 
the consistency on the 8 component parts of the test. 
If, as Kretschmer claims, the tendency of leptosomes 
to “split" extends into emotional as well as intellectual 
activities, leading to the frequent formation of com- 
plexes among them, we would expect to find some evi- 
dence of this in the inconsistency scores, The data fail 
to confirm the expectation. Results leading to the 
same conclusions are reported in the second study be- 
low, 

111 view of the descriptions of the pyknic group as 
relatively mobile in their mental processes and as rela- 
tively poorer in concentrating on prescribed tasks, we 
included a test of general information containing ques- 
tions concerning 13 different subject matters. The two 
groups differed negligibly both in total score on the 
test as well as in their variability on the parts of the 
test. 
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In the light of the preceding discussion \vc feel justi- 
fied in concluding that our measures approximate as 
closely as the present state of knowledge permitg to 
those functions which arc held hy Kretschmer to divide 
leptosomes and pyknica into iwo mental types. There 
seems to be no reason to suppose that the particular 
tests used by Kretschmer and the (uher German in- 
vestigators measured the functions in question more 
validly than did ours. The tests of this investigation, 
most of them possessing fair reliability, have in no 
case indicated a significant difference between the con- 
trasted groups. 

The second question of interpretation may be raised 
with reference to the physical criteria that were cn> 
ployed in the classification of our subjects. This prob- 
lem has already been discussed in a previous section. 
It was there pointed out that wc made use of a repre- 
sentative sampling of a normal population, that our 
norms for the constitutional types were in general 
agreement with those of other workers, that on the 
basis of a number of indices successfully used in the 
past, we selected two practically non-overlapping 
groups, and that the comparison of mciUal test scores 
of the two constitutional categories was made using 
three different methods of classification. Wc have 
steered a middle course in the controversy as to 
whether “general diagnosis" or antliropnmetric in- 
dices arc to be preferred by using boili, and wc have 
found that the results arc exactly the same with either 
method, or with the two in combination. 

It may perhaps be added that one of the writers 
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spent a month in Kretschmer's laboratory and received 
training in constitutional diagnosis and in anthropo- 
metric measurement; it is a fair assumption that the 
classification here adopted would not differ from that 
of Kretschmer to any very marked degree. 

S. Summary of First Stuiiy, (a) From a group 
of 153 subjects, homogeneous in age, sex, educational, 
social, and economic backgrounds, two sub-groups — 
leptosome and pyknic — ^were selected on the basis of 
physical criteria. A number of mental tests were ad- 
ministered to both groups and their performances were 
compared. 

(b) The physical classification of subjects was car- 
ried on with three different methods. The results of 
the three methods were consistent with each other. 
In addition the norms for the present groups corre- 
sponded closely with previously published norms of 
other investigators. 

(c) No reliable differences were found between 
the physical groups on any mental test, using each of 
the three methods of classification. 

(d) The physical measures and indices were 
highly correlated with each other, indicating the pos- 
sibility of dividing subjects into leptosome and pyknic 
categories. 

(e) All the correlations between mental tests were 
too low to be significant. There is no evidence for 
any common or central ability running through them, 



Ill 

THE SECOND STUDY 

A second study, similar in character to the one re- 
ported above, was undertaken conciirrcntiy, for the 
purpose of checking the ICreischmer lindings in a 
homogeneous group of w’Oinen. Harnard College 
Freshmen and Sophomores were chosen as subjects lor 
the experiment, chiefly because agc-dilTercnccs in the 
group were negligible and the range of environmental 
differences presumably small. 

A. PROCr-DURE 

1. Physical Measvremettis. A scries of anthropo- 
metric measurements had been taken, in September, 
1932, by trained workers in the Barnard Physical Edu- 
cation Department for the entire group of 423 stu- 
dents; these were carefully recorded, in February of 
the following year, from the files of the Department. 
The Pignet index, the Height-Weight ratio and a 
modification of Mohr and Gundlach’s index (23) 

TABLE 13 

Distribution or tub Hbioiit-Whioiit Ratio in 423 Barnard 
C oLLGon Women 


Index 

I''rci|utnc^ 

3S-3B 

C 

39-42 

17 

42-46 

46 

47-50 

95 

51-54 

123 

S5-5B 

77 

59-62 

39 

63-C6 

I'l 

67-70 

2 

71-74 

2 


[ 190 ] 
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were then calculated for the entire group and the re- 
sults distributed, As the preceding table shows, an 
almost perfect distribution resulted for the Height- 
Weight ratio; the curves for the other two indices were 
also nearly identical in shape. (Table 13) 

A correlation between the Mohr and Gundlach 
modification and Height-Weight ratio was further 
computed and found to be -|-.92±.009; since it was 
-]-.96 in Mohr and Gundlach’s own results, this index 
was discarded in favor of the simpler ratio. 

Invitations to serve as subjects in the experiment 
were then sent to approximately 175 individuals who 
fell in the upper and lower ranges of the two normal 
curves. Students below 16 years of age and above 20 
were excluded from the first list. It was hoped, at 
the inception of the experimental work, that clinical 
observations similar to those made in the first study 
might also be made on the Barnard subjects, for the 
determination of constitutional type. The very limited 
time at the disposal of the students, however, precluded 
this possibility, and the investigator was forced to re- 
main content with a mathematical determination of 
the types, both from the distribution of several indices 
and from comparison of the data with those of Gott- 
fried Kuhnel (20), Seventy-nine students responded 
to the invitation to be subjects; they were tested over a 
period of two weeks in April, 1933, in small groups 
not exceeding twenty a day. The shoulder breadth of 
each subject was measured before the opening of the 
actual experiment, since this measurement had not 
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been included in the original series inken by the Phy- 
sical Education Department. 

2. The Tests. Five tests were then administered 
to the subjects in the order in which they arc described 
below : 

Mfikes Loti^ Iford Teil? T\ro polwyllnhic, liyliriil worils were 
flashed onto a "clayliKlit" Trans-Lux screen tor one-tcnlli of a sec- 
ond, ten times each, Tlic exposures were mcchanicnlly controlled 
by n camcra-shiiltcr device and were flaslicd Iroin n, stereopticon. 
The words were ''extraterritoriality* ** and "anliilificstablislimcnla- 
rianism.” Subjects were given the lollowinK directions: ''You will 
now see flashed on the screen letters or vvords. There >viU he ten 
brief exposures, after cacli of which 15 seconds will be allowed for 
you to record in the appropriate blatik space, wJtal yov set. Pleast 
pritii yaur fliistoers h/filily." Scoring was done by clnssificntion into 
"Gestalt," ''Analytical," and "UncUssinabIc" cnicgorics, after the 
descriptions given by Enke (3)i avho found schizotliynics giviriR 
careful, analytical responses, wliile ihc cycloids or cyclotiiy'nies ran 
tn more syntlietic, ‘'Gcstnlc-qualitiit" nnstvers. 

Spnlfiiiissfiihit^heii Tesi, Tins lest was dividetl Into three parts. 

(а) A series of twelve colored s(|iinrc.i was flashed In random order, 
but rhythmiciill}’, onto the Trans-Lux screen, for an entire exposure 
time of one minvttc, The squares were made on prepared slide.s, in 
which colors were obtained by permitting the "MaRic-l.iiUrrn" liglit 
to pass through red, yellow, bUic. and green cellophane. Dircctlans 
were as follows: "You will now see flashed on llie .■ifrrrn a scries 
ol colored squires. 'When the entire exposure is complete, that is, 
when I say 'Ready,' you will record in the appropriate space? on 
your blank l\otu wiiny squares there were of each color." Score was 
obtained by deducting one for each error in a category and tlicn .sub- 
tracting the total number of wrongs from 12, the mfixiinum score. 

(б) A series of twelve colorles,? forms wns next lla.?hcd on ihc screen, 
with similar directions and for the same lotil exposure time, 'riie 
forms were; square, triangle, oblong, and circle. Scoring was done 

*In both this and the fnllnwitig tesla, the room was onlj’ very 
slightly darbned to avoid any possible error from pupillary idapia- 

tion, 
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in the same way. (c) Three separate series of twelve colored forms 
each were flashed on the screen agaiii in random order and with a 
total exposure time of one minute for each series, Directions were 
the Same, except that the subjects were requested to record how many 
"objects there were of each form and of each color." Scoring was 
done, again, according to categories. It was expected, of course, 
from the Kretschmer schema, that the leptosomes would do well, 
and the pyknics poorly, in these tasks. 

Incidental Memoi'y. This is the "Logical Memory" test described 
above in the first study. 

Self-Diaffnosiic Questiomimre. This questionnaire was translated 
Hs well as possible from Kibler’s (14) diagnostic lists. It is quoted 
verbatim; 

Here are two leU of adjectivea and adjectival phraaea, each 
list being supposed to characterize a certain type of individual. 

Please read both lists carefully, one at a time, and then indi- 
cate by a check in the appropriate hex which group of adjectives 
best fits your type of personality. It is not essential that every 
characteristic apply to you; what wc want to know is which 
laid picture you think moat relevant to yon. Will you then indi- 
cate by clrcUns the heading of either lUt which type of person 
you would in general prefer to be. 

List I — Goodnatiired; talkative,* friendly; sociable; clieer/ui; 
comfortable; easy-going; humorous, with a sense of humor; 
irritable; easily angered, but quickly calm again; fond of man- 
kind; humane; able to adjust to circumstances, realistic; al- 
ways tlunkirg of re&lUUa; fond of pleasures; fend of eating 
and drinking; respectable and conecientious ; narrow, almost a 
philistine; busy; active; enterprising but also circumspect; cem- 
petitive; active, a leader in groups; lively, uncqnstrnircd, un- 
affected; in general, popular; natural; merry, jolly; not for- 
mally polite; sometimes miserly, then eitravagant; unreserved, 
not taciturn; practical ond determined; fond of children; 
warmly pious; not rigidly dogmatic; not highly principled; 
prepared to make concessions, to compromise; fond of nature 
and of social life; fond of realistic books, nature and trav- 
elogues. 

List II — Unsociable, except on rare occasions; worrysome or 
else completely indifferent to dangers; enemy of mankind; 
silent; monosyllabic; in general, repressed; passionate, irrit- 
able; Sensitive; impulsive; easily put out of humor; pensive, 
meditative; humorless, taking evcryUiing seriously; given to fan- 
tastic dreaming or musing; given to idealising; pedantic, con- 
scientious; having n chronic feeling of insulHcicncy; longing 
for dlatfint lands; acting always on logical priiiciplea; strongly 
moralistic; stoic<il, although at the same time inwardly sensi- 
tive; aristocratic; self-sufticiciit; independent; cynicnl; scep- 
ticnl or else deeply religious; bitter; stiff; awkward; shy; un- 
bending; hard; purposeful, tenacious; indifferent; egocentric; 
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sometime) apparenily nliriiislic but in rcalily little Iniercnied; 
uneympaihuiic; in genernj, not fnnd o| children; Riven lo olt- 
siractlon); iniellccdial; living much in ihc future; given to 
dreomlng; lond of reBtling idealiilic, lirarre and fnniasiic 
booka. 

Now please Indicate to wlut ilegree you think (lie list you liavc 
clieckcd describes you. Let 0 ■== ''sllKhlly,*' -L ‘’"^''iiuidcraiplv," and 
= "almost perfectly." Indicate by cIrclinK one of llie lollow- 
ing: 

0 -|- -f—f" 

slightly moderately almost perfectly 

Lecky Indivifiuality ReconI, This personality inveruory is de- 
scribed above. The record was filled out by the aubjecis at home. 

Scbolaitic Apiilnde TesI, This test Is administered to all enter- 
ing students of Barnard CoUcec as part of the requirements for 
admission, taking the place of the ordinary intelligence test. 

B. Results 

1. Physical Results. Two additional indices, both 
of which had been favorably mentioned by Kretsch- 
mer (17), Kiihnel (20), and Wigert (47), as showing 
a marked differentiation of the three major body 
builds, were next calculated for the group of 79 sub- 
jects. The indices chosen were the Chest-Shoulder 
and the Chest-Height," which Kiihnel cited as differ- 
entiating, respectively, pyknica from athletes and Icpto- 
somes, andpyknics from leptoaomes, with athletes fall- 
ing in between. Since Kiilinel's curves were based on 
a study of 150 "pure" constitutional types, all normal 
women who had first been diagnosed clinically, it was 
felt that considerable knowledge could be gained by 

*The Chest-Shoulder index is described above, p, 164. The 
Chest-Height Index is computed ns follo\v.s! 

CbcsE-Circum fcretice (cma.) 

Standing Height (cms.) 
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FIGURE 3 

DiSTRinUTION OF SCORES OF LbPTOSOME AND PYKNlC GrOUPS 

IN Cancellation—CHPTZ (Method of Indices) 

superimposing the curves from the 79 Barnard sub- 
jects on Kiihnel’s graphs. 

It appears at oiicCj from a cursory examination of 
this distribution, that the Barnard curve practically 
coincides with Kuhnel’s curve for leptosomes, abutting 
only slightly into pyknic territory and somewhat more 
into athletic. All three indices, the Chest-Height, 
the Pignet, and the Chest-Shoulder, show this result 
consistently, although in varying degrees. 

2. Correlations between Physical Measures. The 
intercorrelations of the indices were then computed, 
and are in Table 14. 

These correlations are all positive in direction and 
statistically reliable. They show a fair degree of rela- 
tionship among the indices. It would therefore seem 
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TABLE 14 

Index iNTi-ftctmuEi^TioNs 



Clicst-UciKlil 

Chciil*i;li(nililcr 

Hl-Wl. 

Pignct 

ClieU-ShoiiIdcr 

-h.SI5±.«6 

+.Si7±.«fi 



Hcifflil-VViiglil 


'M5 ±.n7 




safe to conclude that, iincc the indices iriicrcorrclnte 
positively and show a consistent "skew" when graphed 
separately on Kiihnel's data, there is a definite pre- 
ponderance of leptoid/ and a corrcsjionding absence 
of pyknoid forms in this Barnard group. 

This phenomenon may, of course, be the result of 
chance, or it may be attributed to some scleutive factor 
operating in the group. Kretschmer and Kililer re- 
port that leptosonics arc prone to shun an c.\pcrlmeiital 
situation. The absence of pyknlcs in our group there- 
fore could hardly be laid to direct avoiclajice of the 
experiment, NaccatatL and Garrett (27), in a study 
of morphological index in a University group, also 
found more microsplanchnics than macrosphnclinics, 
They suggest that since inicrospJanchny is positively 
related to intelligence, fewer macrospJanchnics would 
reach a University group. It is just possible that a 
similar factor operated in our results, although the 
zero correlations (to be reported later) between Schol- 
astic Aptitude Test and the four indices make the pos- 
sibility slim. 

In any event, the absence of pyknics among the sub- 
jects forced us to abandon our original intention of 


^The terms ''Uptoid” nnd “pyknoid" arc Komcwliat iirbitrnry 
designathns ior the two extremes of the llariiaril difitn'InUion curve. 
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treating the various test results in three separate groups 
— Pyknic, Athletic, and Leptosome — and to substitute 
correlational method for measuring relationship be- 
hveen temperamental type and body build. The Pear- 
son technique, while not exactly congruent with the 
Kretschmerian schema, which implies causal interre- 
lationships rather than statistical probabilities, seemed 
even more advisable since no one index, or combina- 
tion of them is, in itself, a sufficient criterion of con- 
stitutional types. Not only Kretschmer, but Wert- 
heimer and Hesketh (44) have pointed out the diffi- 
culty of inductive classification; the “imperfect" inter- 
correlations of the indices made the difficulty even 
more apparent. It was felt that whatever differences 
and relationships existed in the data would probably 
appear despite a somewhat unsatisfactory technique. 

3. Mental Performance. The results of the in- 
cidental memory and “Spaltungsfahigkeit" tests are 
presented together in Table IS. 

We shall consider first the correlations between phy- 
sical index and incidental memory. It will be seen at 
once from the table that the only correlations of pos- 
sible significance here are those with Height-Weight 
ratio ( — .37) and with Chest-Height index (+.39). 
The other two are statistically unreliable. The trend 
of these two former correlations is favorable to Kretsch- 
mer’s hypothesis, that is to say, those individuals with 
low scores on the incidental memory test, who evi- 
dently attended only to the task in hand, are charac- 
terized also, to some extent, by more leptoid body- 
builds, The correlations are too low, of course, for 
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definite confirmation, and the results are further dis- 
credited by the lack of relationship between incidental 
memory and two such important indices as the Pignet 
and Chest-Shoulder. 

None of the twelve “Spaltungsfahigkeit” correla- 
tions is reliable except perhaps that between capacity 
to “split” a series of forms and Chest-Height index 
(-t-.305). The Chest-Height index also shows some 
relationship to Colored Forms (-f-.27) although the 
correlation is not conventionally reliable. The trend 
of both correlations is this time unfavorable to the 
Kretschmer schema, since a high score in “Spaltungs- 
fahigkeit" should be related to low Chest-Height in- 
dex (leptoid) rather than to high Chest-Height index 
(pyknoid) . 

Lecky Individuality Record, Correlations were 
computed first between total “Withdrawal” scores and 
physical index. To be quite certain that results of 
interest were not neglected through failure to analyse 
the Record scores according to Lccky’s directions, fur- 
ther correlations were then computed for three sub- 
groups of data: Social Adjustment, Cooperation, and 
Optimism scores. The results are in Table 16. 

None of these correlations is statistically reliable. It 
is interesting to point out in this connection that Pal- 
lister (30), working with 209 Barnard College stu- 
dents, also found a correlation of — .0S9±.0S between 
Height-Weight ratio and Lecky Record. In our 
study, the highest correlation with total "Withdrawal” 
scores, that between the Record and Chest-Shoulder 
index shows a tendency tor high record 
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scores (negative attitude) to be related to pyknicity. 
This is, of course, contrary to what one would expect 
from the Kretschmer schema. 

The results of the sub-score correlations appear 
equally as insignificant as the results from the total 
Lecky scores. They are, if anything, almost without 
exception contrary in trend to what might be expected 
from the Kretschmer schema, since larger ''With- 
drawal” scores (more "wrong” answers in the three 
groups) are related to pyknicity rather than to the lep- 
toid habitus. 

Scholaitic Aptitude Test. No relationship is ap- 
parent in these data. The signs of the correlations 
indicate, however, a contradiction of the results in the 
literature. Paterson (31), for example, summarizing 
the work, of Naccarati and Garrett, Garrett and Kel- 
logg, Sheldon, Heidbreder, and others, finds a slight 
but positive correlation between a higher degree of 
intelligence and microsplanchny. Our results indicate 
a slight but negative relationship between a higher 
degree of intelligence and slender body-builds. The 
small sample in our study and the obvious unreliability 
of the correlations might, however, easily account for 
the difference in sign. Two correlations were there- 
fore computed for 409 Freshmen and Sophomores be- 
tween Scholastic Aptitude score and Pignet index 
and between score and Height-Weight ratio. These 
are in Table 17B. 

The very slight tendency, therefore, for high Schol- 
astic Aptitude score to be related to the pyknoid body- 
build is evidently substantiated in the larger series of 
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TAllLK 17A 

Correlations op Physical Inuicbs ^^iTll Scholastic 
Aptituok Test (N 79) 

I'iHnei inilcx — 

Chcsl-llciRM nulcx -t-09 

Clicsl-sikuwliler (wlcx 
Hciuhi'WciKhi raiMi —.1*1 

TAllLK 1711 

CORRTLATIONS OF PHYSICAL InUICKS WITH vScHOtASTlC 

Ai'titudb Test 

FigJici irdcx — H.rjr.lill 

Heiglit'WeiRHl rniio ‘-,U±,»I33 

data, The two correUtions arc ntit completely re- 
liable, however, and they arc so small ns to make 
their discrepancy from those in the literature insignifi- 
cant as well as unaccountable. 

Kihler Qiicstion7\iii}‘c, 'riic results ot this question- 
naire and of the Long-Word test to be presented in the 
next section were treated somewhat more qualitatively, 

The subjects were divided into two groups “Leptoid" 

and “Less Leptoid" or "Pyknoid''-'-on the basis of two 
physical indices, the Height-Weight riUio and the 
Chest-Height index, A comparison was then made 
between the subjects’ aelf-diagnoscs and their actual 
physical habitus, 

It will be seen from Table 18 that there is no tend- 
TABLE 18 

KiELBR QuBSTLONNAIhE 

N lliiily- Scliuo- Dingiuisi! Cycio* 

Dwilil 0»yme mixcil lUyme 
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ency for “pyknoid" and “leptoid” individuals to diag- 
nose themselves according to the characteristics they 
are supposed to possess. On the contrary, there is a 
decided preponderance of cyclothymic diagnoses in a 
population the majority of which is leptosomic in body- 
form 1 Kretschmer has remarked oji the popularity 
of cyclothymic qualities; it is quite evident that his 
observation is corroborated, almost too well, in our 
data. 

Enkes Long Word Test. The responses to this test 
were classified, as reported before, into “Gestalt,” 
“Analytical,” and “Unclassifiablc” answers, No little 
difficulty was experienced in making these classifica- 
tions. It was often felt that categories were being 
superimposed upon the responses with no other justi- 
fication than an a priori schema. Two rigid criteria 
were therefore followed throughout the scoring: (a) 
to be called “Gestalt,” both series of responses must 
begin with a complete word, although not necessarily 
the correct one; (b) to be called “Analytical,” both re- 
sponses must show minute observation for the letters 
in the exposure, and a gradual “building-up” of the re- 
sponse. All other responses, including those in which 
an alternation of these “types” of perception was appar- 


TABLE 19 
Long Word Test 


Index 

N 

Dody- 

Biiild 

Perception Type 

Gestalt Analyticnl 

Uncinsai- 

finblc 

Ht/Wt 

U 

Pyknoid 

1 

4 

6 


68 

Leptoid 

15 

B 

45 

Chest- 

8 

Pyknoid 

1 

2 

S 

Hciglit 

71 

Leptoid 

IS 

10 

46 
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ent, were termed “IJnclassifiable.” The results are in 
Table 19. 

Again it is obvious lint body-build bears absolutely 
no relationship to type of perception. Tlic outstand- 
ing facts from our data arc the overwhelming pre- 
ponderance of uncUssifiablc responses, and the failure 
of "proper” responses in the extreme portions of the 
index-curves. 

The failure of this entire battery of tests to yield 
relationships of any significance with indices of body- 
build prompted the investigators to attempt intercorre- 
lations of the tests themselves, in the hope that the 
subjects' behavior could at least be shown to "liang 
together" in the mannee outlined by Kretschmer. 
The results of this scries of iiucrcorrcintions are in 
Table 20. 

It is at once apparent that the only reliable corre- 
lations are those between the ^^Logicnl Memory” test 
and the capacity to "split" forms, and between the 
"Logical Memory" test and Scholastic Aptitude. The 
relatively high (for these data) correlation of —,45 
between incidental memory and Spaltujjgsfahigkcit for 
forms tends to corroborate the Kretschmer hypothesis 
to the extent that individuals (cyclothymes) wlio have 
good incidental memory are also supposed to be unable 
to split the stream of consciousness. On the other 
hand, It is difficult to account for the absolute lack of 
relationship between incideiUul memory anti Spahiiiigs- 
fahigkeit for colored squares and colored forms, The 
other reliable correlation, that between Scholastic Ap- 
titude and "Logical Memory" (H-.3fi) is readily under- 
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standfible both as to size and direction since incidental 
memory is probably one of the factors measured in a 
slight degree by the Scholastic Aptitude Test. The 
intercorrelations of the SpaltungsfiihiKkcit tests are 
interesting from the point of view of the Kretschmer 
schema, Forms and Cokircd Forms correlate to the 
extent of d-.24; Colored Squares and Colored Forms 
to the extent of T,26. Yet Colored Squares and (un- 
colored) Forms show no relationship at all (4- .013 
=t.09). Kretschmer believes that, as these correlations 
■would tend to show, sensitivity for color and for form 
are two separate characteristics of the individual. 
Further and more elaborate statistical analysis of a 
larger quantity of data is necessary, however, before 
definite conclusions on this point may be drawn. 

The only other correlation of interest is that between 
Scholastic Aptitude Test and Lccky Record, the results 
bearing on the old question of the relationship between 
intelligence test score and so-called emotional stability. 
No such relationship is apparent in our data. 

As a last check on the validity of these results, a 
study was made of average differences in performance 
among the three constitutional groups, The 79 sub- 
jects were divided into three physical classes on the 
basis of either one or two of the four indices; the 
averages of these classes were then simply compared. 
It was felt that a differentiation itiiglu perhaps appear 
which the somewhat more -wholesale correlation tech- 
nique had obscured. The results of this procedure are 
in Table 21, 

It is clear that these differences arc neither statisti- 
cally reliable nor consistent in trend. 
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TABLE 21 
Aveaagd Scores 


A. Incidental Memory ("Logical Memary") 


Body Uttild 

Average scores 

Average scores* 

Leptoid 

42.0B 

37.38 

Athlctoid 

42.70 

43,64 

Fyknold 

42,27 

43 .38 

Index: 

Chest-Height 

Cheat-Shoulder 

B. 

Spaltungsfahigkeit 


]. Colors — Average stores 2. 

Forms — Average scores 

Leptoid 

]0.$9 

10.50 

AfhlctoJd 

lijo 

11.30 

Pyknoid 

11.36 

11.25 

Index: 

Pignet 

Chest-Height 

3. Colored Torms— Average scares^* 

Average scores 

Leptoid 

12.11 

9.72 

Athlecaid 

14.05 

9.97 

Fyknaid 

12.25 

10,27 

Indox: 

Chc8t-neigh( 

Chest-Shoulder 

c. 

Lecky Record 



Average scores 

Average scares 

Leptoid 

32.58 

28,04 

Athletold 

47.80 

34.7B 

Pyknoid 

33.38 

33.90 

Index: 

Chest-Height 

Chest-Shoulder 

D. 

Scholastic Aptitude Test 
Average scores*** 


Leptoid 

522 


Athletoid 

521 


Pyknoid 

Index: 

554 



•D/ffD=l.8 (leptoid-athletoid). 

E</'itD=5.2 (atMetoid-pyknoid), 

•*D/ffD=Z,16 (leploid-athletoid). 

D/irD=0.?0 (athletaid-pyknoid). 

***D/ffD=1.6 (athletoid-pyknoid). 

4. Interpretation of Results. It should by this time 
be evident that the general conclusion of this second 
study must be a fairly systematic negation of the 
Kretschmerian findings we attempted to corroborate. 
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Not only did a battery of carefully chosen temperamen- 
tal tests show no relationship to inductively determined 
physical habitus, but the inicrrclalionships outlined by 
Kretschmer were absent among the tests themselves. 
A study of average group diiTercnces also yielded neg- 
ative results. 

Three reservations should be made nt unce, however, 
tn this somewhat sweeping conclusion. First, there 
was an unexplained absence of pyknics in the group of 
Barnard subjects, Second, the study suffered further 
from the fact that no clinical observations of the sub- 
jects were made, so that it was necessary U) rely on 
mathematical indices alone for the determination of 
physical type. Third, correlational techniques were 
used, for these two reasons, in the statistical treatment 
of the data. This at once put the entire Kretschmerian 
concept at a disadvantage so far as vcnftcaiiou of Its 
tenets is concerned, It is, of course, true that Kretsch- 
mer's “intuitive" method of classifying types may be 
criticized, as wclL as the statistical invalidity of hu 
treatment of results. But since the aim of this parti- 
cular study was verification of results and verification 
only, it seems sufficient to point out that differing diag- 
nostic and statistical procedures may liavc been in part 
at the basis of the negative results. 

It should be noted, however, that the results here re- 
ported agree closely with those presented in the first 
study, in which, it wilt be remembered, diagnostic and 
statistical procedures more nearly resembling Kretsch- 
mer's were used. The absence of pyknics in the present 
group produced no difference in the measures of rek- 
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tionship. It has been pointed out above that the size 
of a correlation is a function of the number of types 
included in the population. Yet the correlations for 
a population containing two types and for a popula- 
tion containing only one are practically the same. 

5, Summary of the Second Study, {a) 79 Barnard 
College Freshman and Sophomores, each of whom was 
at either end of a physical distribution curve for 423 
fellow-students (using three physical indices) were 
subjects in the experiment. The group was homogene- 
ous in age, sex, and socio-economic status. 

{h) The subjects were found to be predominantly 
leptosome in habitus, according to the norms for 
women published by Gottfried Kuhnel. 

(c) A series of S mental tests, derived from previous 
investigators, or designed by the authors to reveal cy- 
clothymic and schizothymic characteristics, was ad- 
ministered to the group. The correlations of the test 
results and 4 physical indices were low, for the most 
part unreliable, and often contrary in trend to what 
might be expected from the Kretschmerian schema. 
An intelligence test administered along with this bat- 
tery also showed negligible relationship to physical 
criteria. 

(d) The intercorrelations of the mental tests were 
insignificant and inconsistent, showing no “pattern" 
such as might be expected from the Kretschmer hy- 
pothesis. 

(e) No reliable differences were found between 
physical groups on any mental tests, 

(/) The general conclusion of the second study is 
therefore a negation of the Kretschmer theory. 



IV 

DIvSCUSvSION QF RESULTS 

It 18 our prcsciU purpose to seek for an explanation 
of the striking discrepancies between the results of 
Kretschmer and his school and (lie results of the pres- 
ent investigation. In a preceding section, we have 
considered two possible causcs—'tlifl’crenccs in physi- 
cal classificatioiij and inadequacies in the psychological 
tests — and ruled them out as unlikely. There are, how- 
ever, a number of important differences in the condi- 
tions of experimentation and In the treatment of results 
between the German type Studies ami the present. 
These may bave been sufficiently influentiali singly or 
together, to be responsible for the conflicting results. 
Among the more outstanding of these factors, wc may 
list the following*, (n) heterogeneity of age; (b) 
heterogeneity of intelligence; (c) heicrogcneity of so- 
cial, economic and educational backgrounds; (tJ) het- 
erogeneity of sex; (e) absence of measures of disper- 
sion and of the significance of differences bclvr^een 
measures ; (/) unknown test reliabilities, The German 
studies have, in general, been lax in the control of the 
above mentioned factors. 

Of the various disturbing factors that have been 
mentioned, that of age is probably the most crucial. 
That age exerts a modifying influence on physique has 
been pointed out by many investigators. Kretschmer, 
indeed, recognizes this, as is evident in the following 
passage; “When we look at old circulars when they 
were young, it is particularly remarkable that certain 

[ 210 ] 



STUDY OF CONSTITUTIONAL TYPES 


211 


men and women exhibited quite atypical bodies, long- 
ish faces, a narrow build in their twenties, while 
later on they have developed along distinctly pyknic 
lines" (18, p. 481). Similarly, Wertheimer and Hes- 
keth (44) found a definite age displacement of body 
types, the pyknic being more frequent with advancing 
age, Weidenreich (42) also has shown that individuals 
of advancing age become more pyknic and less lepto- 
some. Similar conclusions have been reached by Von 
Rohden and Grundler, Mollenhoff, Kolle and Garvey. 
It still remains true, of course, that there are different 
types at each age, and there are some individuals who 
remain consistent throughout life. The factor of age 
is, however, sufficiently important to lead to spurious 
results if not controlled. One condition, then, which 
studies of type differences must observe is to have the 
contrasted groups approximately equal in age. The. 
bulk of the German type studies deal with groups 
grossly heterogeneous in age. Thus Enke (3 ) in one 
type study, makes use of a group of 200 subjects, men 
and women, whose age range was 1 6-65 years, They 
were, in addition, recruited from all levels of occupa- 
tion and intelligence. All the results were treated to- 
gether, except that they were later analyzed into two 
age groups. Similar heterogeneity is present in a num- 
ber of Enke’s investigations. Enke and Heising (6) , in 
a constitutional study of normals, employed 240 sub- 
jects, male and female, ranging in age from 16-60 
years. Two age-groups were compared, It is obvious 
that this attempt at control is highly inadequate, In 
another study, ICibler (14) had a group of “middle- 



212 


0. KIJNBBnRQ, S. H. ASCII AND H. BLOCK 


aged" subjects of both sexes, and a normal group of 
men and women, ranging in age from 20 to 50 years. 
The instances that have been cited are representative 
of the kind of controls used in the investigations. In 
both parts of the present study the rcquircmciit of homo- 
geneity with regard to age has been satisfactorily met. 

The factor of intelligence has been satisfactorily con- 
trolled in the present investigations. In the first study, 
the groups were equated on the basis of the Otis Seif- 
Administering Examination; it was, furthermore, 
demonstrated that the tests employed were independent 
of intelligence test scores. Similarly, in the second 
study, the scores on the Scholastic Aptitude Test did 
not correlate appreciably with any other measure, men- 
tal or physical. Where, however, there is great hetero- 
geneity of intelligence and where the groups have not 
been equated for intelligence, we are likely to find both 
a spurious correlation between intelligence scores and 
scores on other mental tests and spurious dilTcrcnccs 
between the groups. An actual accurrcncc of this kind 
is to be noted in the work of Mohr and Gundlach (23). 
These authors worked with a group of prisoners, of 
which the pyknics were grossly poorer on the Army 
Alpha than the Icptosomes. They report a correlation 
in these groups, between a test of cancellation and the 
Army Alpha scores of the surprising size of "I- .795, a 
result that must be assigned directly to the influence of 
heterogeneity, While the German studies do not give 
records of the "inteUigcncc" of their subjects, it is 
probable, as is apparent from the instances cited in a 
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previous section, that their groups were exceedingly 
heterogeneous from this point of view* 

Heterogeneity of sex is fraught with danger for all 
studies of types. On the one hand, differences in bodily 
development of the sexes make the problems of classi- 
fication somewhat different for them. On the other 
hand, possible sex differences in mental test scores 
should be guarded against. A large number of the 
German studies included men and women in the same 
treatment of the results. In the present investigation, 
the influence of sex was controlled by the simple ex- 
pedient of making two separate studies and including 
only one sex in each. 

Heterogeneity of subjects with regard to social, eco- 
nomic and educational backgrounds may act as dis- 
turbing influences in two ways: by distorting the dis- 
tribution of body types on the one hand, and of test 
scores on the other. Since differences in social, eco- 
nomic and educational backgrounds are frequently ac- 
companied by differences in intelligence test scores, 
heterogeneity in these respects will operate as hetero- 
geneity in intelligence. There is, in addition, some evi- 
dence of a relation between social class and physique, 
with a tendency for a greater proportion of leptosomes 
to be found among the upper social classes, This has 
been variously explained as due either to earlier matu- 
ration in upper classes [Stockard (37)], or to differ- 
ence in diet and modes of living. [See Weidenreich 
(42)]. 

The groups that provided the results of the present 
investigations possessed a very homogeneous cduca- 
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tional background, and were nujsliy drawn from the 
middle classes, No consistent effort has been made by 
the German workers to control the liclcrngcncity of 
these factors. Many of them, as a matter of faci, seem 
to approximate the maximum amount of heterogeneity 
possible, 

On an equal level of importance with the necessity 
for the experimental control of the Itomogeneity of the 
subjects is to be placed the necessity for determining 
the dispersion and reliability of the differences of the 
measures. While the differences reported by German 
investigators arc often large, their failure to give meas- 
ures of dispersion makes it impossible to evaluate their 
significance. Strictly speaking, therefore, we cannot 
say that the restills of the German investigators are in 
disagreement v^'ith ours, although it is not probable 
that they agree. It should also be noted that given 
few cases and many measurements, differences that arc 
"statistically" significant will almost certainly be found 
as the result of the operation of chance. 

All the mental tests of this investigation were admin- 
istered in groups of twenty or less ; most of the German 
studies were conducted individually. Disadvantages 
incident to group administration should reflect them- 
selves in the reliability of the tests, These, as given in 
Table 11, are however fairly satisfactory. The German 
investigators have not reported the reliability of their 
tests and it is consequently impossible to come to any 
definite conclusion concerning the inlUicncc exercised 
by the mode of presentation. 

The present study furnishes negative evidence con- 
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cerning the presence of two psychological types in the 
normal population. This conclusion must, of course, 
be interpreted while keeping in mind the limitations 
of this attempt, particularly witli reference to the num- 
ber of subjects and the range of mental functions. It 
is possible that the proposed types differ in their re- 
actions to situations with which we did not deal. Obvi- 
ously it is impossible to overthrow a theory of the 
scope of Kretschmer’s with a single investigation. 
While it would be premature, at present, to regard 
Kretschmer’s' types as another ballet of ghostly cate- 
gories, the results of the present investigations, with 
the use of methods more careful than those of Kretsch- 
mer’s group, have consistently failed to provide evi- 
dence for the presence of types which they claim to have 
found. The typology may still be important in cases 
of marked mental maladjustment, but we have not been 
able to find in it any psychological significance in the 
case of the normal biotypes. 
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UNE fiTUDE EXPfiHiMENTALE DES 'I'YPES CONSTITUTIONNELS 

II I'Hgil cl'ci»ii>cf d'emiiloi’er dei m^ihodej csr^iimcninlci dam Tiiude 
d«» difTirenccs pavcliolog'niiei emre tea iyi»M coimihilioiincU. Le point de 
depart est In ih^orie dc KrtUchnier, qul croh qu'il mIhb unc rclaiion 
Intlme cnlre Ic phyilque ct la mtnialiii. Sc* cmynncc* oni rcgu quclque 
conSrmaiinn, non iciikmtiU dam la cliniqtie payciiiairiipie, mAli auiil dam 
le laboraloirc psycholojsiquc, « ki hommc* dc iricncc nlkmnnds onl fail 
hcRucQun d'iiudc iniirciianiM dani cc domalnc. Celle liu'eiiiKnlion'd le 
ICTI de quelques-unes dc kuti icckniowc*. lin« qwe de qxitiqnci nouvAiei, 
favlcfl povir rnewrer l«i copacUi* qui auraient adon Krelatlimcp utie iiaie 
canaiilulinanellc. On a choiii dc* type* picnir|(ie* el lepiciinmci d’enirc 
lea iiudiunlB de Brooklyn CQllegc cl de lUrnaid CoIIcrc el I'un n fell le 
dlngroiiiquc el lelon robJcrtreiion qunliiaiive cl par I'uange dea indicea 
anihrapomiiriqne*. Lea graupea dnna lei deux cnlliRca onl ^Rnliak poor 
I'dgej I'^iet Boeial, Ikint ^canoinique cl rinlclligence. Clinque lujcl a lubl 
line baiierie de leali y conipni dea meaurea dc la porke de h mimoire, de 
la milmoire Incidenielle, de In "SpallunKifchiglrcit." nil capndU de le /endrr, 
el un invenlaire peraannel, et on fl anilyai ItJ donniei pour lea dilkrencei 
conatitullaniiellea de lype. tea iSiuliaia oni did enikrcrntni n^gailli, car 
nulle tllAdrence paychaloglquc aignifianie ne I'eai inciiiir^e dnna I'uaagc 
d'tucune de cei icchniq^jei CRpdrimeaiiIci> La iliyerKcnce cnire cci k* 
auUnta ec cejx dea eKpdrimenlaicura aileinflndi cal difTicile li cspliquer, mnli 
il eat poitllilc eiuc ccrlnluci dilTdrencei dci pTeKtiaiii exp^rimenim et 
ataliallquei, ninil que dnna I'dRsIiMlIan dti groiipei, cn piiieieni Sire 
reaponaoblei. En lout ctii, itni qai'clle va.'cciu <lude cnmlini In poaaibitilt 
dkrriver /i dea dilTirencea conalilultonncllci roniinmtninie* de type aelon lea 
mkhodca de la paycboiogic axptilincnulc. 

KuKanmn, Akii rr DiiicK 

EINB EXmiMCNTCLlE UNTERSUCIIUNCJ DHR KONSTITU- 
TIQNSTYPEN 

(Refcrai) 

Der Vcriiich wird gemachii einerimeniclle MeihoJcn zur Unicniichung 
paychologlacher DifFerenzen ziriicnen den KonaliiiiluinBlypcn niveuwenderii 
Der AuBSangapiiiikt Isl die Lehro von Krelathmcr, dcr glaiibl, dnai ea cine 
engc DezleUung zwlachen dem Kdrperhau und deiu (.leiii gilit. Seine 
Anaichten haben elnige UeilSiigung nicht nur in der paychiniriaclicn KlInlL-^ 
aonderev nueb In dem piyclioloslachen Ltbocnlnriimi Rcliindcn, otid deulachc 
Foraclier hnben intereaannle Unterauchungen nuf dicaein G'cbici geleialet 
Die varliegcbde Unieiauchuns bedUm aich einca 'reilci Hirer Meihodlk 
lowie einlger neuer Melhodcn, welch zum Mcaien rillilRkciien nulgealellt 
vrntden, die KreiechTncr nla kcnaiiiulionell begrlindci nninli. Eykniiiciie und 
lepioaoine Typen wurden tinier Siudenicn dcr llronklyn imd Ilnmard lloch- 
achiilen BiiHgewUhlti Indem die koAiillulionellc ningiinac aowolil clurch 
Indlzea gernochl Wurde. Die Gruppeii nvia lieiilcii Uiiivemiiiiicn Wurdeii 
qunUtnilvc BcobnchUiiig wto durch die VcnvcmliiiiK iiiiiliriqioiiiciriiicliGr 
hinilchlllch clfli Alien, der lozlBien und wlrlJclinfillolicn Lape und tnlcl- 
Ugenz glelchgcmachi, Jeder Veriiichi|ierion wunle cine llniierle von Teaw 
gegeben, die Mdsib dei Cjcdachtniiucnfingi, ncbeniilclillclicn CIcilaclunlHCt, 
del SpBUungBtlhigktlt, und eln PeisBnllcfiVciwInveninr viinfmaie; iind die 
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Daten wurden fiir kanatUutionelle TypcnunterachleilB untcriucht, Die 
Ergebenisse warcn ganz nGgktiVi keine bedeutcndcn DifTcrcnzen crBchicncn 
durch die Anwendung dlescr cxperimcnlcllcn Metltodcii. Dcr Widcrspruch 
zwiachen dlcaen Reaultnten und licncn der dcutscUeo Forachcr ist achwcr 
zu erkldren, aber c$ lat magiich, daaa gevriaac Differertzcn in <lcm cxpcri- 
meatellen lind stotiatiachcn Verfehren aowie die Aiiagleichiing der Gruppcn 
dafUr veranknortllch aind. Jcdenfalla iiimmt die vurliegende Arbcii, sovreit 
sie gehr, fitelhing geqcn die Muglichkeit der ISrlnngiing grurcllcgcnder 
Typenunterachisde diircU die Mctliodcn dcr experiinentcllGn Piychalogie. 

ICi.tNi>Qaii.a, Aacu UKti UiActc 




W.DO|w«T«rtttmo MONTftLT . 

.SlnAla iiumhoni I2.8P • . vaiiuuaB ^ ycrir Vnuima XVI| No. 4 


John s. Andpnoiii . 

UtrfMnl^ «t MlniMota 

Clurlottfr BUhUnr 
uot«erthikt wum 

WttMiun H. Btfmhftm 
. cant lhilMnlia' 

ol tAndnii. 

|.MmBrd. CormtchMl 
HKomi unrinffiidy 

B<tC:tBtnrWB 
UMwdlc* *10 

Idmiiail 9. ConkRn 
AuOino eAriwanAir 
Santti De CionetiA 

fHilfcnftft d^Aonui 

. Arnold Gvoell 
Vob UniVirNiy 

WHlIun IMj 
JikilAi» 8ofcvcJPattiMnthm» 

. llMH»n 

& Ualltn^worth 

: CotumMA VAvwaltr 

.lohiuon 

nopkliii UnlnrHliy 

Ibrold R« Jones 

iJnitaa|ty,or (bUfoMilB 

Traman U KolUy 

lluwinl .Ontnralty 

Ydshlhldd Kubo 
NteMUlittB Nonml Golbi* 



Genetic Psycholog’x 
Monographs 

Glilld BehfliTlor, Animal Behavlikry 
and CdtniKiratIve Psycholo^ 

KDITBD ttY .« 

GAftJ. MUKCBlSCnj 

S. 6. Laiihl 

UidTiwStsrt 

A. IL:LlllfR 

Aiiodmit^^Coino^lnlelHdwifto 

Tbstiln Mogatnl 

l^lia Impiirllitf VnlNMh] 

Ivon K Pavliiiv . 

Unwdnraiiwiinll hutfmc 

LcoMiinid ' 

Henri Pl«ran 
UMvanlMOolniHfo 

WnHomStem 

llomlraiOIMHK Unhcnitlt . 

Calvtn Stonff 
OtMitord Uolrenlty 

lowis M* Tsrnntt 
OUkohirdi UnlvBBil^ 

Oodfrey Ylieonaon 
Unl.VBMtjr of Mliflwron 
G. L. Thorndike 


T«oolt«ri CollBte 

ColuMlrta Umvcrd^ 

G. J. Worden 
CMumUii Utilvonlljr 

John B. WotAon 

Ndw York CUy 

Helen Thompson Woolley 
l^chtn-ColkOot 
Columeia^Jttivonity 


Weroptftw. MoBMchujMttf 
Canriiflhti 1934| hs Clark UnlrorBlty 

Smevve aa M«mdhdleMr nMtiov Deewnb«r 1. IttSt at the^ |Mst.i>fll«o At 

WimMeMn M«w.i under Aot ni Mafch S, isrs 





$7.00 per volume 
Single numbers $2.00 


monthly 

Two volumes per year 


October, 1934 
Volume XVI, No, 4 


Genetic Psychology 
Monographs 

Child Behavior, Animal Behavior, 
and Comparative Psychology 


THE DEVELOPMENT OF A BATTERY OF 
OBJECTIVE GROUP TESTS OF MANUAL 
LATERALITY, WITH THE RESULTS 
OF THEIR APPLICATION TO 
1300 CHILDREN* 


From the Institute of School Experimentation, Teachers College, 
Cplumbia University 


By 

Walter N. Durost 


^Accepted for publication by Lcta S. Hollingwortli of the Editorial 
Hoard and received in the Editorial Office, October 17, 1934. 


Warcegter, Masaachuaeits 
Copyright, 1934, by Clnrk University 

Entered as second-class matter December 1, 19Z5, at the poat-ofiice at 
Worcester, Mass., under Act of March 3, 1B79. 






ACKNOWLEDGMENTS 


The author gratefully acknowledges his indebted- 
ness to the following persons who have made this study 
possible: To Dr. Otis W. Caldwell, Director of the 
Institute of School Experimentation, for the appoint- 
ment to the Institute to carry out this investigation and 
for his encouragement and friendly criticism through- 
out the period of our association; to Dr, Helen M. 
Walker of Teachers College, Columbia University, for 
invaluable assistance in dealing with the statistical as- 
pects of the study; to Dr. Leta S. Hollingworth, also 
of Teachers College, from whom the suggestion for the 
study originally came, for helpful advice while it has 
been in progress; to Dr. Jack W. Dunlap of Fordham 
University, who read a portion of the manuscript and 
facilitated the work by constructing the nomograph 
described in the appendix; and finally to the superin- 
tendents and principals without whose help this study 
would have been impossible, Dr. John K. Bolan and 
Mr. Emanuel F. Van Dam, district superintendents 
of the New York City schools, Mr. Leon J. Deming, 
superintendent of the Oyster Bay public schools, Miss 
Jane E. Monohan, formerly principal of P,S. No. 42, 
Brooklyn, Mr. August Lodato, formerly principal of 
P. S. No. 44, Brooklyn, and Mr. Samuel Viertel, prin- 
cipal of P. S, No. 43, Manhattan. 

Walter N. Durost 

Institute of School Experimentation 
Teachers CoLLnon, Columeia University 
New York City 


[ 225 ] 




CONTENTS 


Acknowledgments 225 

I. The Major Problems Facing Investigators of 

Manual Laterality 229 

II. Nature of Tests Used with Results or Pre- 

liminary Trials 237 

III. Revision of the Test Battery and Administra- 

tion OF THE Revised Battery . . 256 

IV. The Left-Right Criterion Qubstionnaird . 273 

V. DisTRinuTioN Curves of Handedness . . 286 

VI. Handedness Related to Chronological Age, 

Intelligence, School Achievement, and 
Conduct for Children 9-15 Years of Age . 310 

VII. Specificity op Handedness .... 318 

VIII. SUMMARY; Conclusions, and Suggestions for 

Further Study ...... 32S 

References 331 

Appendix 332 

Resum6 bn franqais 334- 

Reperat auf deutsch 335 


[2271 




I 


THE MAJOR PROBLEMS FACIHG INVESTI- 
GATORS OF MANUAL LATERALITY 

Introduction 

The widespread interest in the problem of leftness, 
whether of hand, eye, or of the body as a whole, is 
indicated in the surprising number of articles which 
have been published on the subject in recent years. 
The Psychological Bulletin for February, 1933, pre- 
sents a bibliography of 219 articles under the head 
“Laterality of Function," happily relieving the present 
writer of the task of extended bibliographical discus- 
sion. It does not, however, relieve him of the necessity 
of stating his viewpoint on some of the many aspects 
of this general problem which have direct or indirect 
bearing on the work herein presented, 

Handedness Deeined 

If one were to ask a layman to define handedness, 
the invariable answer would be that a left-handed per- 
son is one who uses his left hand to do most of the 
things which involve a choice of hands, with a con- 
verse definition for the right-handed. This defini- 
tion of handedness might be called the preferential 
definition and has been employed in many, probably 
a majority of the investigations which have been made 
to date. There have been, however, some very impor- 
tant deviations from this ''preferential'' definition 
which must be noted. One such important deviation 
holds that handedness is an expression of a fundamental 
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asymmciry nf all iltc bilaiiT.il Imilily structures or 
[unctiarts. As such, hadikiilnc^s wmuM he an inherited 
characteristic which rmf»hi i<» fnlhtw (klinite laws o( 
descent, probiibly as a Mcfidck.in trail. 'I'hc prefer- 
ential use nf one hand is, hnwever, so jmicli a matter 
of training and of rnvjrnnnicnMl pressures tlut any 
measures of prefcrcnti.il liaiidnkios wrnihl not be 
likely to yield results hdhiwitig kiu»\vn laws of in- 
heritance. Therefore those who stress the importance 
of the determining of the inhcreni »|ualiiics of hand- 
edness iinafFccied by environment have snught more 
or less indirect methods of mcnBurcmciu from which 
native handedness might be deduced. The chief 
method of indirect measurement has been the deter- 
mination of eye dominance on the ns^iumpiion that eye 
and hand would agree if nauirc were undisturbed. 
The devices used have ranged in enmplexiiy from 
simple sighting tubes to cUihuniic laburuitiry apparatus. 
Other indirect mctlKids have made u^e of the prece- 
dence of action or nerve currents. An assumption un- 
derlying all indirect methods measuring haiuledness is 
that laterality, in tlic natural state, is ciiiisisieni for all 
bilateral functions. This is a dangerous assumption 
to make since it can not be made subject to experimen- 
tal verification. Furihcrmore, the assumption that eye 
dominance or the precedence of action currents are free 
from environmental influence is not beyond challenge, 
although the amount of influence is probably at a 
minimum in such cases. Some valuable evidence has 
been produced by these methods, but the limiiaiions of 
the laboratory so reduce the number of eases studied 
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that the process of gathering data is a slow and labori- 
ous task. 

A third approach which is, in a sense, mid-way be- 
tween these two is the measurement of qualitative and 
quantitative differences between the hands (or arms 
or sides) by means of objective tests of skill, muscular 
coordination, or speed. Strength of grip, speed in 
tapping, accuracy in throwing, steadiness in guiding a 
stylus are examples of such tests, The difference be- 
tween the two bilateral organs being compared can be 
generalized into some kind of standard score in the 
form of a ratio. Thus expression is given to a superior- 
ity that actually resides in one of the organs itself in 
the way of better coordination, better muscle tone, 
stronger muscles, or a combination of all these things. 
This type of test obviously is not free of the environ- 
mental influences which those who use some one of 
the indirect means of testing are trying so hard to 
escape, but it does have other very real advantages 
which will be discussed at greater length later in the 
monograph, Handedness defined from this point of 
view, then, would involve the demonstration of actual 
superiority of one hand over the other in some physical 
attribute or skill. 

Three definitions of handedness have been presented : 
(1 ) handedness consists in the preferred use of one hand 
in habitual performances such as writing, throwing, 
eating, etc; (2) handedness is an innate disposition 
based upon structural or neurological factors deter- 
mined before birth, definitely inheritable, probably as 
a Mendelian trait, and can therefore be measured only 
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by sonic means which will hc,ivily iliscouni ihe effect 
o[ environment and u.iininu: Jind liaiHledncsa ex- 
presses itself n a (uncihmal or suuciural, nr both func- 
tional and slrucniral, suprriniiiy fd *»iic (ir^'an over its 
complementary nrjian as nic.isdrcd liy soiue objective 
lest. The use of any one or all three nf these ilcfini- 
lions is justifiable so hmj* as (he writer informs his 
readers what dcliniiion lie has in iniml. This study is 
chiefly enneerned with the lirsi ami last of these defv 
nitiofts. 

KNVIUONMKNT vs. llKillDn y 

The problem of cnvirmiruciu rj. Iicreiliiy is tuu im- 
portant to pass over without sonic further discussion on 
it, ftithuugb it is impossible logi* inU) the mailer as fully 
as the importance of the subject would justify. The 
problem is not caseniially different in ii.iiiirc from that 
which has raged so furiously in ihe liclil of iiuelli- 
gence testing for some years. Funhermore^ the end 
result promises to be ihc same, namely a compromise 
between opposing forces, nciihcr of which can prove 
its point. 

The evidence on handedness as an inherited charac- 
teristic comes from several sources. There is the ob- 
servation of very young children sucli as goes on in 
Gesell's Clinic at Yale (5). Gcsell finds that handed- 
ness, either left or right, is definitely esiuhlishcd at the 
end of the second half of the first year. Cln tlic other 
baud M. C. Jones (8) found no prcfcrciiiial choice in 
infants from 80 to 300 clays nf age lesicd fm' iluimh 
opposition and teaching. Wellman (12) and Hein- 
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lein (7) report increase in the superiority of the domi- 
nant hand as preschool children grew older. How- 
ever, evidence from this source can never be conclusive 
for two reasons: (1) the influence of environment be- 
gins at the moment of conception, and (2) handedness, 
calling for a considerable specialization of nerve cells, 
may be a matter of delayed maturation. 

A second source of information is the frequency of 
appearance of left-handedness among siblings, parents, 
grandparents, and other relatives compared with the 
generality. Only one or two studies have been made 
along this line due to the excessive difficulty in obtain- 
ing the necessary data. It is almost impossible to go 
back of the grandparents of children now in school. 
Furthermore, it is difficult to assay the effect of the ex- 
ample of left-handed parents and older brothers and 
sisters on younger children. Nevertheless, comparative 
studies of relatives, especially large living family 
groups, can contribute much more than they have to 
the evidence on inheritance of handedness. The most 
valuable study along this line is that of Chamberlain 
(2) who questioned a population of 12068. He found 
a significantly greater percentage of left-handedness 
in families in which one or both of the parents were 
left-handed than in families in which both parents were 
right-handed. 

A third source of evidence is the study of identical 
twins. Other biological problems enter to make 
the evidence at this point unconvincing, although this 
would seem to be a promising line of approach, 

A fourth kind of evidence seems to the writer to offer 
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the most effective attack on llie probk-in. This is the 
study ol liandcdness in anitiials. Tlic liniulcdness of 
rats lias been shmvn by several studies ami the nnthor 
has demanstrated to his own salis/attinii that it can 
be shown in cats, ulihouRii the experiiuc'iti needs to be 
tried again with a larger number of eases, If rats of 
predetermined handedness ondd he hred ihrcm[ 5 h sev- 
eral generations with t'onirol ami experi mental groups, 
very valuable evidence might be tonirihuicd on this 
point. 

When all the evidence is c.xaniined can tme say that 
the inhcriuncc of handedness or of Intcraliiy of func- 
tion is established? It is the writer's iipinit)n that this 
can not he said uncquivocahly but that the weight of 
the evidence favors inheritance as against jnircly en- 
vironmental deicrinination of functionni laterality. 
This is important. The reason for its importance lies 
in the fact that no matter hnw ohjcclive and impariifll 
one is in the collection and analysis of data, the inter- 
pretation of results is always from the point of view 
of one's personal bias. 7'hc writer believes that the 
occasional advantages of being left-handed arc so far 
outweighed by the obvious disadviinlages that lie would 
recommend the exertion of environmental pressures 
early in the child's life to enforce riglit-liancledncss i/ 
ht believed enviranmcnl were (he major vattsadve force 
at work. However, the fact that the weight of the ex- 
perimental evidence favors (he theory of inlieritaiicc, 
in the writer's opinion, plus the fact ilini lefincss has 
been known to persist in many casus against ihu most 
strenuous eftarta to dislodge it, Icavls the writer to 
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recommend, rather, that nature be allowed to take her 
course and once that course has become clearly estab- 
lished, that environmental pressures should be made to 
reenforce it rather than to oppose it, 

Educational Implications 

The justification of any further discussion of the edu- 
cational implications of left-handedness in a mono- 
graph otherwise devoted to the presentation and an- 
alysis of objective data lies only in the fact that in the 
writer’s mind the reasons for our concern with this 
problem, other than a purely academic interest in an 
interesting research, have not been sufficiently clear in 
the minds of many workers in this field. Somewhere 
in the neighborhood of five in every one hundred school 
children are found to be definitely left-handed by prac- 
tically all investigators. Even if we ignore for the 
moment the conclusions of some important investi- 
gations to the effect that left-handedness is somehoAV 
linked with reading difficulty, with stuttering and 
stammering, and with lack of physical coordination, 
there are still the obvious handicaps in the way of phy- 
sical equipment designed for right-handed children, 
incorrect lighting for writing and reading, and occa- 
sional enforced emphasis on the right hand in skills 
other than writing that make it important to assay the 
handedness of children on wide enough scale to enable 
us to generalize concerning the success with which the 
left-handed child, not obviously maladjusted, is meet- 
ing these handicaps. And this, among other things, is 
the purpose of this research. 
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Tpie Purpose and Scopk hf Tjiis Reseauch 

This study makes n» use of llic indirect methods of 
measuring handedness. Maruiedness Is measured 
chiefly by means of a baucry of objective tests, the 
development of which consiiiuics one major phase of 
this study. A. second major phase is the presentatioa 
of distribution curves of hantlcdncss for each of the 
tests of tlie battery and for ilie comj5iisiie score, which 
is a combination of equally wciglucd scores obtained 
with the separate tests. A third phase is the develop- 
ment of a short criterion questionnaire whicit might be 
used to select a known proportion of the left-handed 
from another population for further study; and finally 
handedness is related to other characteristics for which 
data were available such as school achievement and 
intelligence. 



II- 

NATURE OF TESTS USED WITH RESULTS 
OF PRELIMINARY TRIALS 

Peculiar Sampling Problems 

The measurement of laterality offers peculiar samp- 
ling problems not often met in educational research 
due to the fact that leftness characterizes only a small 
proportion of the whole group. In the case of handed- 
ness this proportion seems by general agreement to be 
somewhere in the nature of 5%, while estimates vary 
in the case of eyedness and other bilateral functions. 
Thus one must have a total population of sample of 
one thousand cases to expect a population of fifty left- 
handed children. The necessity of testing the entire 
thousand cases can be avoided, of course, by using some 
arbitrary criterion for the selection of left-handed 
children such as parent's choice or the hand used in 
writing] Haefner (6, pp, 8-11) did this. He surveyed 
roughly a thousand cases in grades four to seven, using 
as his criterion the children's answers to three ques- 
tions : "Which hand do you write with ?” "Which hand 
do you throw with?" and "Which hand do you reach 
with?" On the basis of the answers to these questions 
plus the teachers' judgment of the handedness of their 
pupils, he chose an experimental population of 68 chil- 
dren about evenly divided between boys and girls, and 
matched them with 68 right-handed children of the 
same age, sex and grade. These two groups consti- 
tuted his experimental and control groups and all com- 
parisons were made between these two populations. 
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The chief drawback in this procedure is that the cri* 
terion of selection can not help but definitely bias the 
sample of left-handed children ohiaincd. Thus Haef- 
ncr's study might more actruraicly be ciuitlcd '‘The 
Educational Significance of I.cfi-IIandeiiiiess Deter- 
mined by Writing, Throwing, and Rtacliiiig, Plus 
Teachers' Judgment." If the crilcrion is falliblcj that 
isj if it docs not select a truly representative sample 
of the left-handed populaiion, any conclusion drawn 
from comparisons so made are faulty. 

DlSTRillUTlOX CUKVKS I)^:SlK/\lU.l■: OUTCOMIi 

Other even more fundamental reasons militated 
against using a similar procedure in this research. 
In the first place^ it was felt that a highly desirable 
outcome of the study would be n distribution curve 
which would represent handedness as a continuous 
variate ranging from extreme Lcfl-handedness to ex- 
treme right-handedness. 

The distribution curve which describes handedness 
has been discussed several times in the literature. How- 
ever, many questions concerning this distribution curve 
remain to be answered, justifying much additional 
work along this line. 

In the second place, ambidexterity has been dealt 
with in the studies mentioning it at all as a matter of 
mixed preferential handedness, That is, the subject 
does this act with one hand and that act with the oppo- 
site hand, etc. If a continuous distribution of handed- 
ness based upon objectively scored tests could be estab- 
lished, it would be possible to compare, not only the 
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extremes of leftness and rightness with each other 
but also with a group whose test scores indicated no 
choice of handedness. If such a distribution of scores 
could be related to other data concerning change of 
handedness very important information might be dis- 
covered concerning what, in this writer's opinion, is the 
most critical section of the distribution. 

Finally, if a large enough group previously un- 
selected as regards handedness could be studied with a 
battery of objective tests, it might be possible to estab- 
lish some criterion which could be expected to select 
the left-handed and ambidextrous cases from another 
unselected population for further study. Accordingly, 
an effort was made to devise a battery of tests and to 
administer them to a minimum of one thousand cases 
over a range of several grades of the elementary 
school, for the following reasons: 

1. To establish the distribution curve of handed- 
ness with a series of objective tests. 

2. To establish with greater objectivity the sig- 
nificance of ambidexterity. 

3. To establish norms of handedness together 
with a criterion which would reliably select 
cases falling in the three critical ranges of 
the distribution, i.e., the extremes of leftness 
and rightness and the ambidextrous. 

Desirable Characteristics of Handedness Tests 

Such a test battery should meet the following re- 
quirements : 
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I. It must be mmlc wp of group tests for the sake 
of speed in accumulating data, 

Z. It must be of known reliability. 

3. It must he a valid measure ttf handedness not 
in the sense of a high correlatiini wiili a crite- 
rion so much as in its being obviously a test o{ 
skill not greatly favoring either hand, but per- 
mitting of a fair comparison of tlic relative 
achievement of the hands. 

4. It must be simple to administer so that persons 
with relatively little training could administer 
the testa. 

5. It must not take so long to administer that it 
would seriously interfere with the daily routine 
of the school, or be greatly aflected by tbe 
fatigue factor. 

6. It must be as objective to score as a good in* 
telligcncc test. 

7. It should be interesting to (hose taking it in 
order to secure good motivatioti. 

No claim is made here that tlic battery of tests /in* 
ally used meets all these criteria with equal adequacy. 
As will be seen it obviously docs not, but it docs meet 
them with sufRcicnt exactness to justify the use to which 
it was put. 

Natuuk 01' Tesi’.s FiNAi.t.Y 

In surveying the literature on handedness icsivS, it was 
felt that certain of the tests commonly used in the psy* 
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chological laboratory offered the most promising begin- 
ning point. They had been used as handedness tests 
before, though not primarily so, and they were simple 
and objective. The greatest drawback was that they 
were individual tests and as such would be impossible 
to give to the large experimental group being consid- 
ered. The tests in mind were the tapping test^ using 
a metal stylus and plate in series with a counter, the 
target board test, and a steadiness test, in which a metal 
stylus is inserted between two converging metal strips 
until an electrical contact is made. 

With this as a starting point an effort was made to 
devise tests along similar lines which would meet the 
criteria stated above. After considerable experimenta- 
tion a battery of four tests was constructed and tried 
out in the elementary school of Oyster Bay, Long 
Island. Later a fifth test was added and tried out in 
the same school with the same classes. Figure 1 will 
give an idea of what these tests were like, All pre- 
liminary forms of the tests were mimeographed on 24 
lb. mimeograph paper. The first test was called the 
Pin Test because it made use of a large Moore pushpin. 
The test proper consisted of ten lines of the small letter 
0 ^ 15 to a line. The lines were staggered to break up 
any tendency to rhythmic movements. The tests were 
pasted upon double-thick corrugated board, with one 
test on each side of the board, to give sufficient thick- 
ness to absorb the blow of the pin and protect the desk 
surfaces, The object of the test was to puncture as 
many of the small circles as possible in the time al- 
lowed, which in this case was one minute. The direc- 
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tions were to “make a hole in each circle with the pin, 
Puncture as many circles as possible in the time al- 
lowed.” The test was done first with the writing hand 
and then with the non-writing hand. The test was in- 
tended to be roughly analogous to the tapping test of 
the psychological laboratory. It was supposed to 
measure the efficiency of the small muscle movements 
of the hand in terms of both speed and accuracy. 

The second test was called the Target Test, and the 
test proper consisted of twenty small, irregularly spaced 
targets as may be seen in the illustration. This was 
also mounted on two thicknesses of corrugated card- 
board. The target spear, so called, was the implement 
used in this test. It consisted of a shaft, approximately 
10 inches long and K inch square, through which a 
dowel was mounted at right angles about a 
quarter of an inch from one end. Approximately two 
inches from the other end was fastened a loop of elastic 
which could be adjusted in size. In operation the arm 
was slipped through the elastic loop until the thumb 
came to the end of the shaft with the fingers on top, and 
the elastic loop was made firm around the upper fore- 
arm. This contrivance had the effect of locking the 
wrist so that the movement made in striking at the tar- 
gets was a movement of the forearm rather than the 
hand and the larger muscles were called into play. 
Three shots were allowed at each target as the examiner 
counted 1 -2-3 . The first test was done with the writing 
hand and the second with the non-writing hand so that 
any transfer-practice effect there might be would ac- 
cumulate to the advantage of the non-writing hand, 
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This test was intended In be rnuglily analogous to 
the target test ol the psytliologiral laboratory. (The 
bull's eye of a target cnuiucd three, the next circle two, 
and the outside circle counted one, 'J'lic final score was 
the sum of the scores on the separate targets.) 

The remaining tests of the origiii.il battery were all 
variations of a common paiicrn. They were designed 
to measure steadiness in die same way that the slot test 
measures it in the laboratory. A pencil was used in 
place of a stylus and the line drawn niarkcd the path 
followed between the lines ur ‘'walls" of the test. 

The Line Test was the first one of this type to be 
devised and it followed the ihcmgln t)f the slot test 
literally, It consisted of a scries of paired converging 
lines forming various patterns. There were four pat- 
terns or units in the lest so dcviscii llint if the paper 
were kept in the same position all the time, tlie person 
taking the test would have to draw the lines in a variety 
of directions. The test was scored in isvo wiivu: the dis- 
tance traveled in centimeters to the point where the 
pencil line first touched the side walls or printed lines 
of the test, and the number of such coiitucts made from 
the point of first contact to the end of the lest, This 
test proved to have uiisuspccictl dilliculties in admin- 
istration, It was almost impossible to keep the children 
from moving the paper so that they were always draw- 
ing the line in one position, usually hnriz-ontally. Inir- 
thermore, the figures as drawn wore too easy, that is, 
very few subjects made any errors save in the last seg- 
ment of the figure and the range of seures was thereby 
so restricted as to greatly reduce the usefulness of the 
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test While this last-named difficulty might have been 
overcome by redraw'ing the figures, the difficulty in 
overcoming the tendency to move the paper would re- 
main. Therefore a substitute for this test called the 
Square Test was devised. 

The Square Test consisted of a series of eight con- 
centric squares with parallel sides. The direction of 
movement was from the outside toward the center, and 
the lines forming the outside square and the one next 
within and parallel made the channel of first degree 
in which the subject’s pencil line must be drawn. An 
opening or gate led to the next inner passageway, which 
was narrower than the first In a like manner each 
successive passageway or channel gave into another pas- 
sageway which was narrower than itself. Thus the 
whole test consisted of seven passageways each more 
difficult to negotiate without error or contact than the 
one preceding it. (See Figure 1.) The test was 
scored essentially the same way as the line test had 
been. There was a power score or achievement score 
analogous to the score for distance achieved without 
error in the line test. Each square was divided into 
twelve equal segments. Of course the segments varied 
in length from square to square, becoming shorter as 
the squares became smaller and more difficult to nego- 
tiate without error. The power or achievement score 
for any individual would be the total number of seg- 
ments successfully completed. The error score was 
simply the number of errors made, that is, the number 
of contacts made in completing the figure, This test 
proved much more satisfactory to give than the line 
test. 
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The last test of Ibis r>ri;»inal battery was the Circle 
Test. It was exactly the same in its fumlamental pUn 
as the Square Test. It ajitsisicd of a scries of seven 
concentric circles with varyinj; disianccs between the 
circles. The startint' point of the test was at the 
center and the circles came closer to each other as one 
approached the periphery of the lit»nrc. I'hus there 
were six channels or steps of incrensin}; difiicuUy as 
one proceeded from the starting point at the center to 
the end of the test at the exit from the last or outermost 
circle. In scoring, each circle was ilividcil into eleven 
segmcnia. The segment vvludi contained the gateway 
into the next circle was not counted so that the value 
of each circle perfectly done was ten and the total score 
was the sum of the segments completed without error, 
The error score was simply the number of errors or 
contacts made in completing the figure. There were 
two such series of circles in each lest, in mie of which 
the direction of mavement was clockwise and the other 
counterclockwise. While some dillkully was experi- 
enced in having the children keep the test in one posi- 
tion all the time, the chief difliculty in administering 
the CirdcTcst came in making it clear which direction 
was to be taken in each of the two varieties of circles, 
clockwise and counterclockwise. 

The total test battery of five tests took, in its original 
form, about 50 minutes to give. The cliililren seemed 
to enjoy taking the tests very nnich indeed, Scarcely 
ever did we leave a classroom without Imviiig some 
child ask when we would come to give some more 
tests of the same kind. 
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The Handedness Score 

The test scores so far mentioned have referred to the 
achievement of each hand separately, The problem 
of combining the scores of the two hands into an ac- 
ceptable measure of the handedness remained to be met. 
Some studies had used the difference between the raw 
scores. However this did not seem to be a satisfactory 
procedure in this case since the calibration of the sepa- 
rate tests was so different that differences in raw scores 
would not have been comparable. A ratio of the left- 
hand divided by the right-hand score was another pos- 
sibility, but this would have yielded a zero of unknown 
value whenever there was a zero in the numerator 
of the ratio. It would have other disadvantages also 
which may be more visual than real in a statistical 
sense. For example, a score of .25 would have meant 
that the score for the left hand was % that of the right 
hand or that the right hand was four times as efficient 
as the left in that particular test (unless the score being 
dealt with was a score of errors, when the reverse would 
be true,) When the score for the left hand was four 
times as great as the score for the right hand, however, 
the ratio would be 4.00. This score of 4,00 would 
represent the same degree of left-handedness as a score 
of .25 would represent right-handedness, but the two 
look so different that it would be difficult to visualize 
this as being the case. 

The scoring scheme finally decided upon may be 

, , R— L 

expressed by the formula where R and L 

R+L 

stand for the scores of the right and left hands respec- 
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tivcJy. In ihe case of ihc error scurcs ribtaincd in the 
last three teals of the battery the nr<ler of scores in the 


numcralor was reversed 


1. R 

' Sf) llial a negative 


RM. 

score always rcprcscnial Icfidiamlcilncss. Using this 
formula ihc range of scores w.is liioiterl in (he values 
from minus one to plus one; a /.cro store means ambi- 
dexieriiy, that is, no choice bciwccn ilie performance 
of the right and the left hand. Any given score indi- 
cates the same atnouni of Icfi-hanilcdncss ns the same 
score would mean right-handedness if the sign were 
changed, dint is, a score of - -.25 means the same pre- 
ponderance of the left hand over the right as a score 
of '■1-.25 would mean a preponderance of right hand 
over left. 

Expressed as a dcfuiiticin, the lianilcrlncss score used 
in this study is ilie proportion ihai the dilTcrcnce in 
achievement of the two hands is to the lotal achieve- 
ment on a given lest, represented by the mni ol the 
scores of the two hands. 

The computation of these ratuis for a large number 
of cases where a battery of four or five tests is used 
represented no small task. In the hope that some short- 
cut could be found the writer look this problem to Dr. 
Jack W. Dunlap, co-author of the Handhoak of Sta- 
tistical l^omographs, Tables, and I'orniutas (3). The 
result was the nomograph which is reproduced in 
simple form in the Appendix. A larger form, oper- 
ated by two people, very (juickly gave the desired 
values with any numbers up to 300. It proved to be 
a very great time saver and the writer is very glad to 
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acknowledge his indebtedness to Dr, Dunlap for this 
contribution. 

The method of scoring the Line, Square, and Circle 
Tests to get a so-called "power” or achievement score 
was used because a small proportion of the children 
made "no-error” or perfect scores with the dominant 
hand. The resulting zero score when combined with 
the score for the other hand in the formula for the 
handedness ratio always gives a ratio score of 1.00, 
either plus (right-handed) or minus (left-handed). 
Strictly interpreted a ratio of one should mean almost 
complete inadequacy of one hand with very unusual 
superiority of the other. However, when a zero score 
with one hand was paired with a score of one or two 
errors for the other hand the resulting ratio of 1.00 
entirely misrepresents the facts. "What should be con- 
sidered logically as practically equal achievement on 
the part of both hands is represented by a score which 
stands for ejfactJy the converse, extreme preference 
of one hand over the other. A score of no errors should 
be a very rare occurrence. Fortunately, it is relatively 
rare. However, whenever it does occur, there is prac- 
tically a misrepresentation of fact in the resulting 
ratio of 1.00 except when the error score with the other 
hand is fifty or more. This may be seen from the fol- 
lowing illustration if it is granted that a score of zero 
errors and a score of one error do not represent very 
different amounts of skill. A score of one error with 
the right hand and a score of fifty errors with the left 
hand yield a ratio of .96. 


/ 50-^1 
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A score of one error wiili nnc hand and a score of 
IQQ errors wiih ihe other yicUl a ratio of .98; and it 
requires a score nf one error wiili rtne haiitl and 200 
eirota wilh the other to yield a ratio of .99.' 

No RKUAniUTY CnKHiCIK.VTS VHU PUKMMINARY 
Tt<STS Availaiu.u 

Tlic tesU of this fust Iwiicry were not planned to 
permit the computation nf reliability coefTtcients by 
the split-halves method^ since the original intention 
was to reteai the same group with the same battery 
and thereby get an estimate of the reliability of the 
tests. The first testing was done in the late spring, 
shortly before the schools closed fur the summer. In 
the fall the pressure of work in the school system was 
so great that the superintendent in charge did not feel 
justified in permitting so much addillnna! lime to be 
taken with this retesting where the immediate benefits 
to the school or to the children were felt to be so negli- 
gible. Since revisions of various kinds had been sug- 
gested by the experience gained with the tests, it was 
not felt that a testing and rcicsiing with the old bat- 
tery in a new locale for the sake of getting an estimate 
of the reliability of the battery was worth while, It 
was possible to get a reliability cocflicient of the Tar- 
get Test by the split-halves method and this, although 
lower than at first hoped for, was high enough to justify 
further experimentation. No attempt was made to 

'In dealing with rlic Imndcdncm ratios thnmgluuit ilic remainder 
of tins study dcclmd points have l)ccn oniittetl and the riillos liavc 
been treated ns w],olc numbers ranging from — -lOO (o -[-100. 
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validate the battery in this preliminary form with any 
other criterion such as a questionnaire study of hand 
preference or teachers’ judgment of handedness. There 
were six children out of the 194 who completed all 
five forms of the test who were habitual left-handed 
writers. A composite score for the five tests of the 
battery, weighted upon the basis of the standard de- 
viation of each test so that each test had a weight of 
one in the total, gave left-handed scores for each of the 
six. However, the number of cases is so small that no 
great importance is attached to this. 

Analysis of Oyster Bay Data 

The experimental population used in trying out these 
preliminary forms of the handedness test battery was 
comprised of eight classes in the Oyster Bay Public 
Elementary School. The following gives the distri- 
bution of classes and the number of children in each 
class: 

Grade 4A 5A SB SC 6A 6A> 6B SC AH grades 

Number of 

cases 23 23 32 27 26 25 25 23 2C4 

The school is of very high average in respect to the 
progressiveness of the school plant and the methods of 
instruction used. Cooperation from school officials 
and teachers in administering the tests was all that 
could be asked for. 

The data presented in the remainder of this section 
are included chiefly to afford a comparison between the 
showing of the tests in the preliminary form with that 
obtained with the later revised forms and is not in- 
tended to be used as the basis for conclusions better 
drawn from the more extensive data later colJected. 
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Table 1 gives the distrilnUinn (if the Ilamledncss 
Ratios for each of the five teats. Fur ilie Idno, Square, 
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and Circle Tests the results of both the error and the 
power method of scoring are shown. 

TABLE 2 

Handedness Tost Battery Given in Oyster Day Public 

School 

N=194 


Test 

Median 

Mean 

Sigma 

Dotting (Fin) 

19.7 

IB. 42 

12.7 

Target 

7.1 

7.40 

B.O 

Line power 

10.4 

10.39 

S.5 

Line error 

H.1 

44.31 

22.S 

Circle power 

16.6 

15.94 

14.3 

Circle error 

i6.6 

S2.18 

27.0 

Square power 

12.9 

15.32 

27.9 

Square error 

42.4 

37.12 

2SJ 


It is obvious from Table 2 that there is considerable 
difference from test to test in the variability or spread 
of the scores. The S.D.’s given in Table 2 strengthen 
this impression, varying as they do from B.O in the 
Target Test to 29.3 in the Square Test, error method 
of scoring. 

The means of the distribution also vary widely from 
the 7.40 of the Target Test to 52.18 for the Circle Testj 
error method of scoring. All the mean handedness 
ratios are positive but there is a wide difference in 
the amount of hand dominance represented by a mean 
score of 7.40 and mean score of 52.18. A certain amount 
of this difference is due, no doubt, to the nature of the 
scoring methods since two different methods of scoring 
are used. 

Comparing medians and means we find that three 
of the distributions, those of the Dotting Test, the Cir- 
cle Test, error scoring and Square Test, error scoring, 
are negatively^ skewed, i.e., the medians are larger than 
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the means and only in one test, the Sf|uarc Test, pov/ci 
scoring, is ilicre a nolicc.iblc skewness in ilie positive 
direction, 

Since the reliability nf these tests is unknown and the 
number of eases, lU-k, is relatively small it would not 
do to stress these coinparistnis very tiujcli. It will be 
interesting to note, however, lo whai extent the impres- 
sions given here arc home nut in the later forms q( 
the tests with larger number nf eases, 

TAHLK ^ 
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Table 3 gives the ititcrcorrclaiions of these original 
tests. The three coefficients which arc italicized are 
the correlations between the error and power method 
of scoring the Line, Square, and Circle Tests. It is 
significant to notice that these three eocflicicnts arc 
higher than most of the other eocflicicnts given and 
that the error method of scoring the Line, Square, and 
Circle Tests shows higher iniercor relations on the 
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whole than the intercorrelations between the Target 
and the Dotting Tests with the rest of the battery. Here 
again, the fact that the reliability of the tests is un- 
known greatly reduces the value of any conclusions that 
might be drawn from the intercorrelations given.^ 

^The casual reader may find it helpful, either at this point or at 
the end of Section III, to tarn to the last section, which summarizes 
the specific aims of the study and the degree to which they have been 
achieved, and makes suggestions for further investigations along this 
line. 



III. 

REVISION OF THE 'ri':ST HA'ITFRY AND 
ADMINISTRATION OF THE REVISED 
BAITERY 

Nature oe 'Itcsr RE\TsiaN.s 

The adininislraiion nf the icsis in (heir nriginal form 
at Oyster Bay revealed no administrative difTiculties 
invalidating this method of testing with the exception 
of the Line Test, which was discarded. The revisions 
in the tests and in the adminislraiivc procedure indi- 
cated by this preliminary experience were largely in 
the nature of rcfinernenia of the tests and test directions 
and changing the forms of the tests slightly to permit 
the cnlculation of reliability cncfliciciUs from split- 
halves. The nature of the tests is such that this pro- 
cedure seemed to be the most satisfactory method ai 
well QB the most convenient way of obtaining an esti 
mate of reliability,® 

Figure 2 shows the tests in their final form. Th 
Treasure and the Escape Teats were reproduced by 
photographic ofTset process to give clearer definitio' 
of line, and the others mimeographed. 

In the case of the Target Test tlic revision consists 
chiefly of greatly increasing the length of the test s 
that it includes not twenty but sixty targets. There ar 
ten targets to a line and the first half and second hal 
each have three lines, In practice the two halvf 
were separated by a short rest period which was als 

^Sce (1) for excellent iliseuftsicm of the split-halves method of o 
laining reliability coenidciUa, 
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TnEASUnETEiT ESCAPE TEST 

HANDEDNESS TESTS h REVISED FORMS 
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valuable because it jicriuiuctl rcilirecliun in the cascB 
where misutider^ianiiinf^^ pcrsisicd as in (he procedure 
to be fallowed. The leu dircciioiis were not altered 
except to emphasize more su finj^ly the points at which 
misundcrsianciinK hail prcviiuisl>^ been imied. A metro- 
nome was introduced so that the for this test 

would be uniform lor all classes, 

For the Pin Test the revision was also one of length- 
ening the test greatly. From ISO circles arranged as 
one continuous unit, the ruuiihcr of circles on the page 
was jumped to 600 in six trials of UlO circles each, 
The time allowed for each trial was +5 seconds, deter- 
mined by giving the tests to a small group of adults 
so as to ascertain the longest possible time wliich could 
be allowed for each trial with a mininuim of completed 
tests. This lime limit proved to be very saii.sfactory in 
practice. Only n comparatively small number of chil* 
dren ever completed a trial with anywhere near perfect 
accuracy, In this lest there was a question whether 
the factor of speed was to be stressed at the expense of 
accuracy or vice versa. Notliing in the preliminary 
testing threw any great light upon this point so the 
two factors were emphasized just as equally as possible 
and the final decision as to the proccdiirc in scoring 
was left to be made on the basis of the relative relia- 
bility coefficients obtained by the two methods, i.c,, 
by counting only the responses where the pin puncture 
was definitely on the line tir within the circle versus 
counting the total number of responses made. 

In the place of the corrugiUed cnrdlioard used to 
mount the Pin and Target Tests in the preliminary 
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phasis in the test directions upon the fact that there 
were to be three shots at each target took care of most 
of the cases where misunderstanding might have oc- 
curred. 

In the Pin Test, because of the simplicity of the pro- 
cedure, it was not felt necessary to have any trial period 
and this conclusion was justified by the experience of 
giving the tests. This was by far the easiest test to 
administer, but the one which was liked the least by the 
children. 

A trial test was not possible in the case of the Treas- 
ure and Escape, due to lack of space on the paper and 
also the lack of time. To offset this, large copies of 
these tests were made by a photostatic process (30 x 20 
inches) which were used to demonstrate the exact pro- 
cedure. This procedure was adopted after trying a 
large hand-drawn duplicate upon which the procedure 
was illustrated without any lines being drawn. How- 
ever, this proved to be much less effective than the large 
copies upon which the children could actually see the 
examiner doing the thing which he required of them. 

PnoaLEM OF Finding Experimental Populations 

The problem of the locale in which the experimenta- 
tion was to be carried on for the larger number of cases 
necessary after the preliminary forms of the test had 
been given, analyzed, and revised, was, as it usually is, 
a vexatious one. The schools within the New York 
metropolitan area have certain very definite advan- 
tages and also certain very definite disadvantages so far 
as research of this type is concerned. They have the 
advantage of nearness and of being, in many cases. 
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rc8carch*niiiidcd cnauj»li tw wcltimic cxpcrimenlation 
even though they do nnl reap m \ iiiimcdiaic benefit 
from the work done in the scluiob. 'J'hcy have the 
grave disativaniage more often than nm of being high- 
ly selected in one or more ilircciions. For example, a 
schoal in oc near Hartcin or certain parts of Brooklyn 
may liavc a very large proporiioii of its population 
drawn from llie colored race; or a school in n selected 
residential district will have a disproportionately 
large share of highly gifted children. On the other 
hand, schools outside of Metropolitan New York, 
which have a marc heterogeneous and balanced popu- 
lation, arc often trying out various new methods cf 
their own involving research, or arc more deeply in- 
volved in other outside affairs so that they do not wel- 
come outside expcriinctUatinn. The three schools in 
which this work was finally carried out were within 
the metropolitan area and shared the ilisailvanlage in 
differing degrees of having a large proportion of 
Negro and foreign pupils. In one sciifjol, the average 
intelligence was distinctly below nt>rmal, and in the 
other two approximately normal. Another disadvan- 
tage in testing in the New York Ciiy schools is the 
crowded conditions often encountered, but the splendid 
cooperation of both administration and pupils, in prac- 
tically every ease, did much to minimize this dilTi- 
cuUy. In P.S. 42, Brooklyn, thirteen classes in grades 
4, 5, and 6 were tested; in F.S. 44, Hrnnklyn, ten classes 
III grades 4 to 8, inclusive, were tested ; and in P.B, 42, 
Manhattan, twelve classes in grades 7, H, and 9 were 
tested. 
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Scoring the Tests 

In scoring the tests a good deal of trial and error 
experimentation had to be resorted to in order to de- 
termine the most effective procedure. 

In the Target Test the plan of assigning a score of 
three to the bull's-eye, two to the next ring, and one 
to the outer ring was used, both in the preliminary 
test and in the final test. The chief problem here, 
which seemed beyond administrative control, was to 
regulate the strength of the blow with which the child 
hit the target board. There seemed always to be a 
small minority who would strike with such force that 
the wooden part of the stylus would be driven into the 
target board, while, at the other extreme, there was a 
small minority who would strike so lightly that the 
abrasion made by the target spear would be hardly 
perceptible. To aid in scoring the tests where the abra- 
sions were faint, a mimeoscope, such as is used in mak- 
ing t^^cmgs or cutting stenciJs, was used effectively. 
To aid in scoring the Treasure and Escape Tests, a 
large reading glass was mounted on a flexarm, such as 
one finds in a goose-neck desk lamp, which was, in 
turn, mounted upon a wide board, This permitted the 
adjustment of the glass at any angle and greatly facili- 
tated the inspection of these tests while diminishing 
the eye strain necessarily attendant upon such minute 
work as checking and counting the number of times 
the line drawn by the child touched the printed line of 
the test. 

In the case of the Pin and Target Tests there was 
the problem of determining the two halves of the tests 
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in such a way lliat they wiiultl be as nearly as possible 
equivalent forms, For the Kscape and Treasure there 
was the problem of the nicthod of scoring to be used. 
In II the so-called power melluul of scoring was 
described. This was essentially a method of counting 
units or segments of work accomplished wiiliout error, 
In the ease of the Treasure Test some arbitrary unit, 
such as the centimeter or some fractional part of an 
inch, might have been used without much dillkulty, 
but this would have been very diflicult in the case of the 
Escape Test. Chiefly, thcrcf(»rc, to have a type of 
measuring unit coinnioii to both tests, tlic proportional 
distance method was devised. By this method, each 
level of difliculty for both the Treasure and Escape 
Tests was divided into Icn cquul units. These units 
varied in absolute Icngtli while being alike in propor- 
tional length will! any particular level of diniculty as 
the reference point. E’or the easier levels of di/liculty, 
the absolute length of the unit was less, lending slightly 
to equalize the chances of making an error from the 
easier levels of difliculty to ihe harder. This ten- 
dency appeared to be good since a cursory examination 
of the completed tests sliowccl that by far n majority of 
the errors made came in the last or highest level of 
difficulty. Having decided upon the basic method of 
scoring, the next problem was to choose the point of 
reference to which the scoring plan would be directed, 
If the number of perfect segments up to the jh-si error 
were to be taken as the score, the chance errors would 
be likely to be large. Tiiereforc, as one point of refer- 
ence, the second error made by the child was taken and 
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the number of segments up to but not including that 
segment which contained the error was called that 
child's score on that test. Lest this should not give 
great enough stability, the median error was also tried 
out as the point of reference. The obvious method of 
counting the number of errors made was the third tried 
out. The chief drawback of this last-named method 
was that a score of no-errors in one hand gave a mis- 
leading ratio of handedness in many cases. (See Sec- 
tion II, ) 

Scoring Methods Tried Out 

Having these various scoring possibilities to test out, 
three classes from the first school tested were selected as 
a group for preliminary study. Classes with mean 
I.Q.’s as near as possible to 100 were chosen in order 

TABLE 4 

Reliability Coefficients for Limited Numder op Cases in 
Grades 5 and 6 According to a VARiDry or 
Scoring Methods 


Teat 

UncorreCted 

Corrected 

Index of 
reUnbllity 

N 

TaTget Test 

Linea 1, 2, 3 vj. 4, S, 6 

.519 

.683 

.826 

119 

Lines 1, 3, S vj. 2, 4, 6 

.sn 

.745 

.663 

U9 

Pin — all 

.662 

.611 

,901 

112 

Pin — accuracy 

717 

.835 

,914 

IIZ 

Escape Test 

Power — median error 

.130 

.230 

.480 

109 

Power — •2nd error 

J07 

.470 

.684 

109 

Number of errors 

.511 

.677 

.S07 

109 

Treasure Test 

Power — median error 

.a£o 



112 

Power — 2nd error 

.271 

.426 

.653 

112 

Number of errors 

.438 

,609 

.7B0 

112 

Treasure — E.sciipc Test 

Power — 2nd error 

.437 

.606 

780 

101 

Number of errors 

.513 

.679 

.823 

101 

Composite scores 

.701 

.824 

,908 

97 
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that intelligence might not be a disturbing factor. 
This gave around a bundrcil eases, the nvunber varying 
slightly from test In test. Table 4 gives the reliability 
coe/lidcnls for each (csi scnrcii hy the variety of 
methods outlined alnivc. Fmiu this table it will be 
seen that, in the ease of the Target Test, lines 1, .I and 
5 w. 2, 4, and 6 make a belter divisimi nf ibe test in the 
sense that they yield a higher rcliahiliiy eueflicient. 
Therefore lids mclliod of divisitm was chosen. 

In the case of the Pin Test the meihml of counting 
only those responses which were accurate in the sense 
that the puncture was either on ihc line or inside the 
circle gave the higher rcliahiliiy cocnicicnt, although 
the difTcrciicc was small. This nicthml of scoring the 
Pin Test was therefore adopted. In eiilier of these 
cases, the difTcrcnccs were not so great as to cause the 
elimination of the mciluid if there had been other good 
reasons why it should have been adopted, tluch rea- 
sons were not found, liowcvcr, so the size of the re- 
liability r's was taken as the criterion. 

In the ease of the Treasure and Kseape Tests, it is 
obvious that there is a great dilTerence between the 
reliability of the various meiliotls of scoring tried out. 
The power-score method proved so (Icliidtcly unreli- 
able that if this had been the only method of scoring 
these tests they would have had to be thrown out, The 
nunaber-of-errors score was distinctly better than either 
of the power scores and conipareil favorably with re- 
liabilities obtained with the other tests, All the 
reliability cocfRcicnts were lower than hoped for, but 
were felt to be high enough when cuvrccicd fov the 
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full length of the test by the Spearman-Brown Pro- 
phecy Formula to justify the use of the tests as group 
measuring instruments to yield mass data, but not 
valuable for individual diagnosis. It was hoped that 
higher reliability coefficients would be obtained when 
more, and more typical or more normal populations 
were tested. The very low reliabilities obtained with 
the power method of scoring probably were the fault 
of the tests rather than the scoring scheme since they 
came from the greatly restricted range of scores ob- 
tained by this method of scoring. If the levels of 
difficulty below the last level had been harder so that 
errors would have been more widely distributed in- 
stead of being concentrated in the last level of diffi- 
culty, this method of scoring would have been much 
more reliable, and probably quite satisfactory. 

Since the Treasure and Escape Tests seemed on the 
surface to be very similar in the thing or skill they 
measured, it was decided to try combining the two 
tests into one test Co sec if this would yield a‘ higher 
reliability coefficient. Table 4 shows that this coeffi- 
cient was only slightly larger than that obtained for 
the Escape Test alone, so it was concluded that a com- 
bination of the two tests would be of doubtful ad- 
vantage. 

It was necessary, however, to combine all scores for 
all the tests of the battery into one composite score 
which could be taken as the final handedness score for 
each individual, to be used especially when it was de- 
sired to epitomize the handedness of an individual in 
relating it to other variables, such as intelligence, school 
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marks, etc, SincG cadi tcs* was as valid a measure of 
handedness as each cuher test, so far as cciultl be seen 
on the surface, the best composite score would be one 
which WAS influenced equally by all (be tests. There- 
fore, since the standartl deviations varied widely, the 
tests were weighted rouKhly propciriitin to the size 
of their vS.l^.'s. By this criterion ilic Treasure and 
Escape Tests each had a weight of one, the Pin Test 
a weight of two, and the Target Test a weight of four. 
The reliability coefliciciu of this composite score for 
the 97 cases, where the tests were complete, was found 
to be .70i, imcorrccled, a value distinctly higher than 
the reliabilities of the several parts from which it was 
derived, with the exception of that of the Pin Test. 

REUAninTY Coefficients fou Lakiu-u Gitours 

Having decided upon the mctlunls of scoring to be 
used, the remainder of the tests was corrected and 
reliabilities were calculated for a total group of 18 
clasics, involving six grades from four to nine, inclu- 
sive, three classes to each grade.* Tliesc data arc pre- 
sented in Table 5. From this table we see that all the 
corrected reliabilities arc higher than .BO wnth the 
exception of the Treasure Test. T'hc Index of Re- 
liability, an estimate of the highest reliability which 
can be expected from any test in its present form, is 
higher than ,90 for every test but the Treasure Test, 
for which it has a value of .87. These ixsvilts were 


^In a Inter nrticlc the rcliabilitic.^ will lie [ircsmicd scparnicly for 
each grade of the six grades siudicil here. 
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TABLE 5 

Reliability Coefficients of Each Test of the Battery 
AND THE Composite Score** 


Test 

Uncorrccted 

Corrccied* 

Index of 
reliability 

N 

Target Teal 

.7D2* 

.S252 

.9084 

66S 

Pin Teat 

.B102 

.S9S1 

.94S1 

651 

Eacape Teat 

.7Z9S 

.8437 

,9185 

619 

Treaiure Teat 

.6115 

7589 

.8711 

632 

Composite score 

.Baao 

.9089 

.9534 

651 


••Reliabilities for a grade range from four to nine inclusive, tKree classes 
for each grade. 

•Spear/nan-Rreven Prophecy formula used to predict reliability of whole 
test from the correlation of halves. 

considerably better than expected on the basis of the 
trial reliabilities for 100 odd cases discussed above and 
were considered satisfactory for the purposes for which 
the tests were devised. 

Further Discussion of Test Validity 

The question of the validity of the tests was dis- 
cussed at some length in Section II when the pre- 
liminary forms of the tests were described. The extent 
to which a test offered equal opportunity to either hand 
without bias was suggested as the most satisfactory 
criterion of validity. The degree of correlation with 
some other measure of handedness was considered as of 
very doubtful value since no satisfactory measures of 
handedness were known. The criterion of equal op- 
portunity should apply to: 

1. Equipment. 

2. Process or procedure involved in taking the test. 

3. Physical environment in which the tests were 
taken. 

4. Mental hazard. 
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Of course it is impassible (*i reduce ihc degree to which 
the tests meet the criterion of equal npporUmily for 
each hand to anything sn objective as a coefficient or 
ratio, but an analytic discussitin will be undertaken 
with the hope that an unbiased judgment may be 
reached. 

1. Equipment. The equipment used in the Target 
and the Pin Tests was entirely novel to the children 
and was as well, adapted to one hand as to the other, 
In the Treasure and Kscape Tests tiic use of a pencil 
raises the question whether the cfTect of the writing 
habit might not be especially strong in favor of the 
writing hand. There can be no doubt tltai the writing 
habit did affect these two tests somewhat; however no 
claim is made in this study that handedness was meas- 
ured apart from the influence of environment, but sim- 
ply that existing Iiandcdncss, due either to innate dis- 
position or to habit patterns, was reduced to a ratio 
which would be relatively the same for cciual amounts 
of Icft-haiidedncss and right-handed ness, although op- 
posite in sign. This would permit the plotting of a 
continuous curve with all degrees of handedness repre- 
sented. It is felt that it is just as impossible to separate 
the cfTect of environment from the effect of inheritance 
in the measurement of handedness as it is in the meas- 
urement of intelligence, and any information to be 
obtained, caiicerning the inheritance of handedness or 
laterality must come from the study of growth curves 
and the study of laterality in animals, 

2. Process. Inthc 'I’argct iiiid Pin 'I'csts the direc- 
tion of movement was from right to left for both the 
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right and the left hands. There has been some discus- 
sion in the literature to the effect that the natural move- 
ments of the hands arc excentric, but not much evi- 
dence has been produced to substantiate this claim. On 
the contrary, through long-established habits, both the 
left- and the right-handed are accustomed to work on 
paper from left to right, and it was felt that this direc- 
tion of movement would interfere least with the 
achievement of either the left or the right hand. 

3. Physical Environment. The fact that the class- 
rooms in which the tests were given were nearly all of 
the conventional type with fixed seats and left-wall 
lighting made it impossible to make any adjustments as 
to lighting for the left-handed children, Therefore, 
it is possible that the left-handed were under some 
slight handicap in this respect, although the importance 
of the handicap does not appear to be very great. Since 
their dominant hand was the one handicapped, the 
effect would be to decrease the score of this hand while 
the right and non-dominant hand, working under op- 
timum conditions, might do better than expected. This 
would tend to bring the scores for the two hands 
nearer together and reduce the handedness ratio in the 
direction of ambidexterity. For the right-handed, 
however, the poor lighting would handicap the non- 
dominant hand, increase the difference between the 
scores, and make for a larger handedness ratio. It was 
not possible to evaluate the importance of this factor 
experimentally, but it was felt that the desire to accom- 
modate or overcome this lighting handicap would 
probably offset the effect of bad lighting sufficiently 
to permit us to ignore it. 
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4. MtninI HtiiTMrtl. For same llic aiieinpt to do 
anything calling for relatively dose conrdination with 
the nDn-daminani hand resulted in such a low degree 
of success compared to the success hicliicvcd in the same 
task with the dominant hand, ihiit cmnlinual blockings 
occurred. This secincd especially true with children 
of low intelligence. Usually, however, a word to the 
effect that this was a test intciulcd to show up the dif- 
ferences between tlic hanils ^Yns sufricient to relieve this 
difficulty. Although all four tests were somewhat ah 
fected by this factor, the Hscape and Treasure Tests 
were the ones which most often caused it. 


Erri-a ok Vision Unknown 

The effect of vision upon the test results is an un- 
known factor. Visual acuity rcttinis were taken from 
the school data but are probably so unreliable that they 
arc of little value. However, ibese data arc to be 
analyzed later and the results reported in a separate 
article, A cursory cvamiiuuion indicates diat the high 
proportion of 20/20 vision in hoth eyes will make this 
a negligible factor so far as its cilcct upim the statistics 
reported in this monograph is concerned. 



IV. 

THE LEFT-RIGHT CRITERION QUESTION- 
NAIRE 

The Preferential Method of Measuring Handed- 
ness Analyzed 

Many, if not a majority, of the handedness studies 
made in this country have attempted to measure 
handedness by determining the preferred hand in a 
series of performances such as throwing, reaching, 
writing, etc. Strength of preference has been deter- 
mined by the proportion of those acts done with the 
dominant hand. 

In some cases the actual performances have been 
used in testing for hand preference but in many cases 
some kind of questionnaire has been the means of se- 
curing this information. Such a method has the ad- 
vantage of being a very easy way of collecting data but 
suffers from some very real disadvantages. While 
strength of hand preference may be roughly deter- 
mined by the proportion of acts performed with the 
dominant hand such a proportion could never be con- 
sidered an adequate or precise measurement for several 
reasons. In the first place, the major assumption, that 
any performance involving a choice of hands is equally 
as valid as a measure of hand preference under all 
conditions as every other performance involving such 
a choice, is obviously false. Carrying a weight, for ex- 
ample, can not be as good a measure of hand preference 
as throwing a ball at a target because success in the first 
case requires only strength enough to carry the object 

[ 273 ] 
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and the tlifTcrcncc in strength between the hands is so 
slight that if A person were able to carry an object in 
one hand he could, with very little less ease, carry it 
with the other if there was any reason to do so. On the 
other hand, throwing a ball with accuracy at a target 
in-vaives such clcmcins i>l skill ami precision that the 
person who could do as well witli otic hand as with 
tlicother would bcvcrycxccptional. In the second place, 
the material set-up often predisposes one toward the 
use of the right hand even though one is naturally in- 
clined to use the left. For example, even left-handed 
people shift gears with the right liand because the gear- 
shift lever is placed at such a disadvanugc that the left 
hand could be used only with ilie greatest dilliculty, 
It may be said that this ts an cxireinc example and that 
such a question would not be used in a scale intended 
to measure hand preference. Anotlicr example may 
serve to illustrate the fact that this differs only in being 
more extreme than many questions whicli arc used. 
Foe instance, it is not at all uncommon to find the ques- 
tion “With which hand do you throw a ball?" included 
in such a scale, and yet Lt is very difficult for a left- 
handed ball player to buy a glove to fit his right hand 
so that his left will be free for throwing. In the third 
place, the immediate situation may inRuciice the choice 
of hands, when under different circumstances a differ- 
ent choice would be made. For example, if one were 
shaking hands with a man who had lost his right arm 
one would be likely to use (he left hand although in 
almost any other situation the right hand would be 
used. 
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The illustrations used may not be especially fortu- 
nate but will serve if the point is made clear that, as a 
method of getting a precise and accurate estimate of 
the strength of manual dominance or superiority, the 
method of using the proportion of a series of acts per- 
formed with the dominant hand is very unsatisfactory. 

Development of Handedness Criterion Valuable 
By-Product 

On the other hand almost any other method that has 
been suggested in the literature to secure a quantitative 
handedness score involves such labor as to make its use 
well nigh prohibitive unless some means is hit upon to 
segregate those who have left-handed tendencies. In 
other words, to measure the handedness of a large un- 
selected population when it is known before hand that 
better than 90 % of them will be right-handed when the 
chief purpose is to study the ways in which left-handed 
or ambidextrous people are atypical is an expensive and 
wasteful procedure. Only in the one case where it is 
desired to study the distribution curves of handedness 
with an unselected population is such a procedure jus- 
tified. A valuable by-product of such an investigation 
of distribution curves, however, should be the develop- 
ment of some easy method of selecting those individuals 
from a large random population who have left-handed 
or ambidextrous tendencies.® 

“Since the effectiveness of the criterion wliich we propose to set 
up is to be tested against the findings of the test battery already de- 
scribedj it is necessary to consider now at what point the line shall be 
drawn dichotomizing our distribution curves into left-handed and 
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Such a criterion shouJd have the following charac- 
teristics : 

1. It should be as nbjeclivc as possible. 

2 . It should require very little time to give and less 
to score. 

3. It should be of known reliability. 

1 It should be of known cfTicicncy in selecting out 
those individuals who will fall into the ambidex- 
trous and left-hand sections of the distribution of 
handedness when some more adequate methods 
of testing arc applied. 

NATUKT- op CaiTUHlON Sta.ECl'EI) 

It was for the purpose of developing such a criterion 
that the L-E-R Criterion Questionnaire was designed 
and the degree of success in thus accomplishing this 
purpose may be judged by the data presented in this 
section. 


right-handed groups. This is ncccssar)' hccausc our tests yield n con- 
tinuous curi/c witli nil degrees of daminance rcrirc.scriied. The ob- 
vious point nt wliicli to cut the curve is nt tlic sr.cro or oo-lmndcdncss 
point and if the tests were 1007e reliable this wntild ))c possible. 
Since they tire not even npproxifnnlcly lOO'/Jr rclinbic, it is necessary 
to allocate b range plus and minus from ihe point of v:cro hniulcd- 
ness aa a sort of na-handcdiicis area or area of auihidextcrlty, and all 
the scores above this r.ingc will be considered rigiit-linncicd scores, 
while all scores below this area will be considered as lefc-linndcd 
scores. In order that tiic choice of this ratigc or area shotild not be 
purely arbitrary the probable errors of mcnsurcinent u'crc calcu- 
lated, and the area roughly one P.E. of measurement plus and iiiliuis 
from zero is called the range of ambidexterity. 'This ningo is variable 
from test to test and is only approximate since the rtmiduicss group- 
ing makes it impossible to apply the criterion picciscly. The. data 
concerned arc presented in Section V in coiinrctinn with tiie dis- 
cussion of distribution curves and will be discussed at greater length 
at tbnt point. 
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The following ten questions were chosen, eight of 
which concern habitual unimanual acts ordinarily per- 
formed under such circumstances as would be least 
likely to influence the choice of hand used. The other 
two questions involve the subject’s own judgment of his 
relative achievement in strength and in reaching, two 
measures of manual laterality very commonly used. 

L-M-R Criterion Questionnaire 

We want to find out which hand you usually or habit- 
ually use to do certain everyday things which we all do. 

In answering eacii question, put a circle around one of the 
letters to tell us which hand you most always use. R 
stands for Right Hand. E stands for Either Hand. L 
stands for Left Hand. For example, suppose the ques- 
tion is: 

With which hand do you write? L E R 

If I were answering that question 1 would put a circle 
around R — Hlce tliis: 

With which hand do you write? L L ® 

If I could write just as well with one hand as with the 
the other, I would put a circle around E which stands for 
Ekher Hand — like this: 

With which hand do you write? L R 

If I wrote with my left hand, I would put a circle around L 
like this: 

With which hand do you write? E R 

Answer each of the questions by putting a circle around 
one and only one of the letters. If you are not sure, make 
a guess. 

1. With which hand do you hold a jack- 
knife or paring knife? L E R 

2. With which hand do you write? L E R 

3. With which hand do you throw a ball? L E R 

4. With which hand do you erase the 

blackboard ? L E R 

5. With which band do you shoot marbles? L E R 
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6. VVilh whkh «lo you uMiilly 

brush your iccih? L E R, 

7. Willi which [land iJ(» you draw or 

pnini? h E R 

B. 'With ivhich hand can ymi reach liiyliPr? ly E H. 

9. With which hand di» you unialiy hold 

A glass or cup, wlten drinkiiii.:? L E R 

10. Which hand do j-mi think i< aironj'rr? b K H. 

Considering the c|ucs(ionnnirc in the light of the four 
desirable characteristics outlined above; 

1. Is il objeclwe? Ni» qucstiofinaii'c can ever be 
considered entirely objective since each question must 
receive a subjective answer. It can be objective, how- 
ever, in the sense that the questions asked may be so 
definite and so unambiguous and so much a matter of 
fact, rather than opinion, that the answers to the ques- 
tions will correlate highly with the performance in 
whose place they stand. With a much longer and more 
complicated list of questions Koch, rl ni (10) found a 
very high degree of agreement between actual perform- 
ance and questionnaire response. 'I'o l)c sure their 
experimental group was made upof mature individuals 
and not children, but on the other hand their list of 
questions was much more complex and iliflicult to an- 
swer. 

2, Is il quickly ghen and scored^ The question- 
naire requires less than five minutes of class time to 
give so does not interfere to any appreciable extent with 
the classroom program. It is also very simple lo score. 
As seen in the reproduction of the (]ucstionnaire given 
above each question could he answered either left, 
right, or either, the JasMiamcd ciucgory being de- 
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signed to take care of those cases where the subject was 
not sure or felt that one hand might be used quite as 
much, or as well as, the other in the performance of a 
particular act. In scoring it was desired to use some 
method whereby the answer E would reduce the score 
but not as much as an R or L answer. Also it was 
felt that it would be advantageous if the score so ob- 
tained would be roughly comparable to the ratio scores 
used for the tests of the battery. The scoring formula 
used for the battery tests would not work in this case 
but a modification of it was finally adopted, 

R— L 

No. of questions 

In this instance this reduced to R — L since decimal 
points were omitted in the actual computations and the 
number of questions was ten. Less than a minute was 
required to score a paper and after a little practice only 
a fraction of this time. 

3. Is the reliability of the questionnaire knewn? 
The problem of determining the reliability of the 
questionnaire was approached in two ways. It was 
felt that the number of questions in the test was so 
small that the split-halves method would not do justice 
to the real reliability of the test. However, since the 
questions seemed to fall naturally into two rather com- 
parable series of five each this method was applied. 
Questions 1, 2, 3, 9, and 10 composed one half and 
questions 4 to 8, inclusive, the second half. There were 
available 831 cases covering a range of six grades from 
4 to 9 inclusive, The obtained reliability coefficient 



280 


WAt.ThR N*. DlJROSr 


corrected by the Spcarnmn-Browti Propliccy Formula 
IS .9185, a figure surprisingly high for such a short 
questionnaire. For fear there might be something 
spurious about this value the (lucstioiinairc was re- 
peated with a group of 140 fourth-grade cliildrcii after 
a lapse of ten days from (he lime they had taken the 
test the first time. The cttcflicicnt obtained with this 
group was .9701, Therefore it is felt tJiat from the 
point of view of the conventional methods of measur- 
ing reliability the questionnaire is quite satisfactory 
for the purposes for which it: was made. 

4, II ihould be of kno>mn elficiency I'n sehciiiuj those 
inifivifiuals who have lefl-handal and amhidexiyons 
tendencies. Herein lies the very great advantage of 
having tested a large group of subjects, previously un- 
selected, with the haiuleclness test battery, and also 
with the Criterion Questionnaire. By applying the 
Criterion to these data some reliable evidence can be 
□btainetl concermng wbnt might be expected trom the 
use of the Criterion for the sclcctitm of additional 
cases from new populations. The first evidence con- 
cerning the efficiency of the Criterion is the correlation 
coefticieiits between it anti the tests of tl^e battery and 
the composite handedness score. These coefficients 
were obtained with two groups of eases, one contain- 
ing approximately 400 eases anti the other approxi- 
mately 300. The grade range was the same as above, 
i.e., 4 to 6 inclusive, for each group. 'I’he two cocifi- 
cients for the Criterion with each test of the hatiery 
and for the composite score have hecn averaged by 
changing them into s-valucs according to Fisher's 
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tables (4, pp. 178-184), averaging, 
these values into values of r. 

These coefficients are as follows : 

and reconverting 

Criterion ■with Target Test 

.3459 

Criterion with Pin Test 

.4905 

Criterion with Treasure Test 

.5214 

Criterion with Escape Test 

.5440 

Criterion with Composite Score 

.6339 


It is obvious from these values that there is a very 
considerable degree of relationship between the Ques- 
tionnaire and the tests of the Battery, although the re- 
lationship varies from test to test. In general it may 
be said that the relationship increases as the test re- 
quires finer and finer coordinations, and it is especially 
significant that the highest correlation is that with the 
Composite Handedness Score, since this is the score 
which best sums up or epitomizes the handedness of an 
individual so far as it is measured by these tests. 

The correlation coefficients between the Criterion 
and the tests of the battery are not sufficient, however, 
to answer the question concerning the efficiency of the 
instrument as a selective agent for the purpose of choos- 
ing other, additional cases from a random population. 
The question may be stated this way: if the L-E-R 
Criterion Questionnaire had been used to select from 
the population included in this investigation those who 
had left-handed tendencies with what efficiency would 
this have been accomplished? Furthermore, what pro- 
portion of the cases so selected would have been found 
to be left-handed when tested with the battery? Be- 
fore these questions can be answered some critical 
L-E-R score must be decided upon below which all 
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cases are to be considered as showing suflicient signs 
of being left-handed to be included in the retesting 
with the Handedness Haitcry. The selection of this 
score is more or less arbitrary. It should be a score 
such as would pick out a very large percentage of the 
left-handed or Icft-ltanded and anihidextrous, depend- 
ing upon the scope of tiic proposed study. Yet it 
should not select for extensive additional testing too 
great a percentage of eases which would later prove to 
be essentially right-handed. Table 6 gives tlie results 
when two such crilical scores are used, (1) zero, and 
( 2 ) + 6 , 

Considering first zero as the critical score we find 
that in the neighborhood of 807« those who have 
left-handed scores (i.e., who ace roughly below one 
P.E. of measurement of the zero score for each test 
in turn) would have been selected by the criterion for 
further testing from the population used in this inves- 
tigation. If we desired to include the ambidextrous 
as well, the criterion would have selected between 55 
and 657o of this wider range of cases with the exception 
of the Target Test where, due to the very high propor- 
tion of the subjects who got ambidc.vtrous scores, the 
percentage drops to .1639. The proportion of these 
cases that would have proved to be left-handed on the 
test battery is in the neighborhood of 50% except for 
the Target Test, where it is lower, and if the wider 
range is used so as to include the ambidextrous the pro- 
portions profitably selected would be higher, ranging 
around sixty. 

If a more inclusive criterion score is ilcsirecl, i,e,. 



Percentage of the left-handed* TTho 
have scores betneen — IQ and +5 

inclusive .9Q4-7±*07 .S210±.0+ .9428±.04- .B9+7±.05 .9473±.04 
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if it is necessary to select a higher proportion of those 
who have left-handed or ambidextrous tendencies at 
the cost of including a greater proportion of cases who 
will eventually prove to be right-handed, according to 
the test battery, the score -1-6 would seem to be logical 
value to choose, That is, by this criterion, all those 
having scores between — 10 anti -j-S inclusive would 
be retested. A score of -|-5, the highest value in this 
range, could be obtained in three ways according to the 


scoring formula, 


R— L 

lb 


One combination yielding 


this score is 7 R’s, 2 L's and 1 E. Another would be 
6 R’s, I L, and 3 E's and the last is S R's and 5 E’s. 
Any one of these combinations suggests that the right 
hand is the dominant hand but with unmistakable ten- 
dencies in the opposite direction, The result of the 
application of this more rigid criterion to the data of 
this investigation is also given in Table 6- We see that 
in practically every ease better tlian 90% of the left- 
handed have L-E-R scores within this extended range. 
If we include both the left-handed and the ambidex- 
trous the percentages drop with an average between 
75 and 80%, if the Target Test is not considered. In 
other words, if the — 10 to -|-5 criterion is used, we 
might expect to select about 90% of those in the whole 
population tested who would have been left-handed if 
the test battery had been given to tlic whole group, and 
it we wanted to include the ambidcxtroii!) we could 
expect to select about 80% in this way. IRnvcvcr, of 
those selected by the application of this criterion only 
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23 or 24% would be left-handed when tested with the 
battery. When it is considered that the test battery 
takes a considerable time to give^ and longer to score, 
to have three-quarters of the group prove to be right- 
handed is a rather high price to pay for the additional 
cases secured by the use of the more rigid criterion. 

Which criterion should be used in selecting addi- 
tional cases from another population is dependent upon 
the purposes for which the cases are needed. A cur- 
sory examination of the correlation charts suggests that 
any other criterion score between 0 and +6 would 
not help enough to be worth while and certainly the 
number of cases which would be tested to no profit 
would prohibit taking a higher value than -f6, 

To summarize this section it may be said that a 
criterion has been developed for the selection of ad- 
ditional cases of left-handedness from an unselected 
population that will pick out approximately 90% of 
those who are left-handed if the more rigid selection 
is made or approximately 807o if the less selective 
method is used. This Criterion should be of great 
value in shortening the work of any additional investi- 
gations concerning the nature of any differences which 
may exist between left- and right-handed children. 



V. 

DISTRIBUTION CURVES OF HANDEDNESS 

DiSTIlinUTIOM CUKVt^ IMI’CJKTANT 

The problem of the distribuiioii of handedness is one 
of the most important and one of the most cliflicult 
and illusive to treat of any of the various related as- 
pects of this study, It is intimately bound up with 
the definition of handedness with which the investiga- 
tor starts and the method of measurement used. It has 
peculiar difTicultics of its own beyond tlu)sc ordinarily 
found in curve fitting. The necessity for large samples, 
always present if reliable results are to be obtained 
by ordinary methods of curve fitting, becomes increas- 
ingly important in considering the distributions of 
handedness, since it is only when a very large sample is 
used that the influence of the lefl-hanclcd section of the 
population upon the total can be reliably assayed, 

Why Impoutant? 

Some of the difficulties met suggest tlic principal 
reasons why the problem is important, It has been 
rather naively assumed by many investigators in this 
field that any measure which can be used to discriminate 
left-handedness and right-handedness is as good, that 
is, as reliable and valid, as any other measure. Fur- 
ther, there has been the underlying assumption that all 
measures of handedness arc positively correlated to the 
point of reliable prediction, that is, reliable generaliza- 
tion from a single measure to a "true" measure of 
handedness, Thus wc have the rather ridiculous situa- 
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tion of investigators measuring the handedness of a 
small sample by some rather crude method of unknown 
reliability and from such measure attempting to gen- 
eralize about the relation of handedness to other traits 
of character and personality as well as other charac- 
teristics of mental organization. Therefore the most 
fundamental problem in the study of manual laterality 
after the tests have been shown to be reliable and valid 
is the study of the way handedness distributes itself on 
such a variety of tests, measuring different aspects of 
the same trait. From such a series of obtained distri- 
butions the following important questions may receive 
consideration; 

1. Will each test in a series of handedness tests, 
practically equal in objectivity, reliability, and validity, 
yield the same general type of curve? For example, 
tests of intelligence of equal validity and reliability 
may confidently be expected to yield a normal curve, 
although the items comprising the tests differ greatly. 

2. If one particular curve type is found to fit all 
distributions of handedness, does that curve type have 
any peculiar properties which will facilitate its use 
statistically? 

3. If a variety of curve types is found, what charac- 
teristics are common to them all, i.e., are they all 
skewed; is the skewness uniform in direction; is the 
degree of kurtosis present the same for all curves? 

4. In what way do the types of curves found reflect 
the particular properties of the tests used? 
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HYPOTHESES Concerning Distriuution Curve of 
Handkdness 

Several hypotheses concerning the type of curve 
which may be expected to describe handedness have 
been suggested or implied in the literature. At one ex- 
treme are those who think that handedness may be de- 
scribed by a two-category curve, i.c,, all persons either 
right-handed or left-handed with no intermediate 
degrees of handedness and true ambidexterity non- 
existent. A modification of this e.xtrcme would be a 
continuous U-shaped curve with the antimode repre- 
senting ambidexterity, but not necessarily symmetrical 
so far as the height of the ordinates representing the 
extremes of Jeftness and rightness arc concerned, Or 
handedness, many feel, can be described by some I- 
shaped curve of unknown skewness and kurtosis. A 
special case within this rather large grouping would be 
the normal curve so often found or assumed in psycho- 
metric investigations. 

A third possibility that has aroused a great deal of 
interest on the part of some investigators is that handed- 
ness might logically be expected to be bimodally dis- 
tributed with one mode representing the central tend- 
ency of the left-handed group and the other, much 
greater mode, representing the central tendency of the 
right-handed group. Some slight evidence from one 
or two American investigations bears on this point but 
is too unreliable to justify any general conclusion to 
this effect. A true bimodal distribution is rarely 
found. In most eases what appears to be biinodality 
eventually turns out to be due to the combination of 
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data from two different but homogeneous populations. 
Without denying the possibility of obtaining a distri- 
bution of handedness for some particular test that 
would have a reliable second mode for the left-handed 
population, it must be shown that the handedness popu- 
lation is homogeneous before it can be said that hand- 
edness is truly bimodally distributed. Homogeneity 
would seem to be a matter of degree, Very rarely 
would one obtain a distribution that would be entirely 
homogeneous. For example, a distribution of in- 
telligence quotients in certain schools of New York 
City would include those of a large proportion of Ne- 
groes. (This is true of two of the schools used in 
this study.) If there were a genuine difference in the 
intelligence of Negroes and whites, such a distribution 
would not be homogeneous. However, the difference, 
if present, is so slight and the resemblances between 
the two distributions so much more important than the 
differences that the combined populations yield a dis- 
tribution approximately normal, and not greatly atyp- 
ical in any respect. If a distribution of the intelli- 
gence of man and a distribution of the intelligence of 
the great apes could be combined, in all probability 
this distribution would be sufficiently atypical to sug- 
gest immediately that two heterogeneous groups had 
been put together. 

This discussion suggests a possible hypothesis to be 
considered along with the rest, namely, that any dis- 
tribution of handedness really contains two distribu- 
tions, one of the left-handed and one of the right- 
handed. According to this theory any distribution of 
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handedness based upon objective measures ought to 
yield more intelligible results if split into two distri- 
butions, the left-dominant and the right-dominant. The 
outer limits would, of course, be the extremes of lateral 
manual dominance, i.c., the extremely left-handed and 
the extremely right-handed. The inner limit of the 
distributions is set at zero-handedness, or the point at 
which there ceases to be any difTcrcncc between the 
two hands. This inner limit in reality is not a point 
but a range, since tlic measurement error must be taken 
into account. The theory puts no limitations on the 
type of curve that may describe Icft-haiuledness or 
right-handedness. Such curves may vary in symmetry, 
range, and kurtosis. Figures 3A and 3B illustrate 
rather crudely what might be expected when two 
slightly overlapping distribution curves arc combined 
into one distribution. In these illustrations the curve 
on the left half of the page is made approximately one- 
half the size of the curve on the right half of the page. 
This has been done to suggest the fact that the exis- 
tence of two such separate distributions might be in- 
conspicuous except in large samples if the smaller of 
the two distributions contained only a fraction of the 
cases in the larger distribution, as would be the case in 
distributions of handedness. Figure 3A shows the way 
two normal distributions might coalesce to give a dis- 
tribution with a second mode. Figure 3B sliows how 
two skew curves of Pearson’s Type III might combine 
to give a curve only slightly suggestive of the fact that 
two distributions have been combined, The reason- 
ableness of such combinations will be discussed later 
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when the data from the present investi|^ation are con- 
sidered. 


EquivalI'I^ce 01* Handedness Ratio 


Tjie remainder of this section will be concerned with 
the presentation and analysis of certain fundamental 
statistics, especially as they bear upon tlie problems 
of curve fitting. Table 7 presents some of the essen- 
tial statistical constants for each of the measuring in- 
struments used. As a prerequisite to a clearer under- 
standing of what these values imply, it is necessary 
first to discuss in a more fundamental fashion the ex- 
tent to which the handedness ratios used can be con- 
sidered to be equivalent. Kelley (9, pp, 1 10- 1 14) states 
the following three minimum conditions which must 
be met if ratios arc to be considered as equivalent: 

1. One point o( the first scale must he known to be 
equal to one puiiu o( the sccunil. 

2. A second point of the fir.>il must he known to be 
equal to a second point of the second; niul, 

3. The law cstabtisl)iii;r the relationship between suc- 
cessive points on the first must be known to be the law 
underlying the secant). 


To what extent docs the ratio 


R~L 

rT17' 


or its variant 


form when errors are involved, , meet these 

' R -1- L ' 

three requisite conditions? The first cniulition seems 
to be met in the case of the zero score, When the 


achievement or the lack of achievement, i.c., number of 
errors, of the right hand and the left hiiiul aic equal, 
the numerator of the fraction is zero, the ratio is zero. 
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Essential Statistics of Handedness Measures 
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and the amount of handedness represented is zero* 
hfindcdncss or ambidexterity, and this is the same for 
all testa, The second condition is met, at least theo- 
retically, in the 1. 00 ratio, when a inial lack of achieve- 
ment in one iiand is associated with optimum achieve- 
ment in the other hand. In practice the calibration of 
the various tests is so different that a ratio of 1,00 is 
harder to achieve in some tests than in others, This 
factor alone, however, would not prevent the ratios 
from being considered as roughly equivalent. The 
third requirement, that the law establishing the rela- 
tionship between successive points on tlie first must be 
known to be the law underlying the second, can be con- 
sidered as met if the distribution curves describing the 
two variables arc similar in type and if the ratio of the 
measure of variability to the measure of central ten- 
dency ia the same for each test, It is at this point that 
the ratios used in this study lose in comparability. The 
curves desctibmg the variov\s distributions are not all 
similar and the ratio of the mean to the standard devia- 
tion is not the same for all tests, However, the distri- 
bution curves have many characteristics in common 
and the ratios of the mean to the standard deviation are 
sufficiently similar to say safely that, if the comparison 
15 not pressed too hard, a given ratio on one lest is 
roughly comparable to the same size of ratio on another 
test with the possible exception of tlic Target Test. 
These ratios of the mean to the standard deviation are 
given in Tabic 7, not only for ihc total distributions 
covering the entire range from cxticmu left-handed- 
ness to extreme right-handedness, but also for the two 
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tails of these larger distributions representing right- 
handedness on die one hand, and left-handedness on the 
other. If the hypothesis outlined earlier in this chap- 
ter, which suggests that the distributions of handed- 
ness are better considered as separate entities, is sound, 
this is a logical step and the results seem to be entirely 
reasonable; in fact, when the ratios of the mean to the 
standard deviations for the distributions of right- 
handed ratios are considered, the handedness ratios ob- 
tained with the Target Test would seem to be much 
more nearly comparable to the other test ratios than is 
indicated by the ratio of the mean to the S.D. for the 
total distributions, 

Differences in Average Amounts of Handedness 

The importance of this discussion of the compara- 
bility of the handedness ratios from test to test arises 
from the fact of the wide differences found in the 
means and standard deviations for the various tests. 
If the separate ratio scores are comparable, the statis- 
tical constants are even more likely to be comparable. 
Therefore, it would seem to be entirely safe to say that 
there are real differences in the degree of average 
handedness shown and in the variability of handedness 
from test to test — differences which must be due to 
fundamental variations in the traits measured, The 
increase in the means and the increase in variability 
seem to be coincidental with the involvement of pro- 
gressively higher coordinations. This conclusion is 
strengthened when we note that the progression is op- 
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posite in direction for the distributions of handedness 
considered separately, that U, Icfl-hamlcdncss, as mil 
as right-handedness, becomes mure protiounced as the 
tests involve iincr and finer coordinations. 


The No-IlitNDEDNi-tiS Ran’cie 

In obtaining the separate distributions of right- and 
left-handedness mentioned above, the point or range 
separating right-handedness from left-handedness had 
Co be decided upon. The necessity for doing this has 
already been discussed (loolnolc 5), along with the 
method finally adopted, namely, the application of the 
probable error of measurement to the zero score, This 
was necessary because the unreliability of the tests used 
would not permit a sharp dichotomy at the zero point, 
Because of the grouping of scores into step intervals 
this criterion cannot be precisely applied, but that 
range of step intcrvafs which nearest approaches the 
range of scores indicated by the probable error of meas- 
urement has been used. For example, in the Target 
Test, the P.E. of measurement is 114 and the most 
comparable range of step intervals is one step interval 
plus and minus from zero. And yet due to the bunch- 
ing up of scores around zero this really docs an injus- 
tice to the two separate handedness distributions. The 
percentage of scores below —5 is only 178 while the 
percentage of scores below— 3 (the nearest whole num- 
ber to 3.14) is 4.76. In the Treasure 'I'est the P.E. 
of measurement is 15,32 and it was necessary to decide 
whether to use the step interval range from —10 to 
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~|-9 or the range from — 20 to +19. It was felt that 
the wider range would cut off too many cases in view 
of the relatively small number of cases in the left-hand 
distribution, so the — 10 to +9 range was chosen. The 
P.E. of measurement ranges for each test are shown 
in Table 7. 

Pehcentage of Left-Handedness 

The percentage of left-handedness for each test of 
the battery, the Composite score, and the L-E-R 
Criterion are also given in Table 7. For the objec- 
tive tests these percentages range from to 5, while 
the L-E*R Criterion Questionnaire shows 6 y 2 % left- 
handed. While the difference between these percent- 
ages is not especially significant, there seems a slight 
tendency for those who feel themselves to be at least 
moderately left-handed to fall cither in the ambidex- 
trous range or even into the right-handed distribution 
when measured with objective tests. 

Types of Curves Found 

Figures 4 to 9 show the graphed distributions for 
each variable and Table 8 gives the essential informa- 
tion necessary for the determination of curve type. 

A cursory glance at the Betas makes it clear that in 
no case is anything like a normal curve found, i.e., 
Pi equal to 0, and P 2 equal to 3. The square root of 
pi is sometimes used as a measure of skewness and this 
value is given. From these values we see that every 
curve is skewed, and all but the Target Test are skewed 
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HANDEDNESS RATPOS^-ESCAPE TEST 
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HANDEDNESS RATIOS'-'TREASURE TEST 
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negatively in the sense that the median is numerically 
larger than the mean. AJJ sJcewness values are statis- 
tically significant but this Is due more to the large 
number of cases which reduces the S.E. than to the 
size of the skewness values. 

For a normal curve, Pa equals 3; therefore Pa — 3 is 
often used as a measure of kurtosis. Negative values 
indicate that the distributions are platykurtic and posi- 
tive values indicate that they are leptokurtic. All 
values of Pa — 3 for these distributions are positive and 
large in relation to the norm of three, showing that the 
distributions are decidedly more peaked than a normal 
curve. 

An attempt has been made to determine the curve 
type for each of the curves of the test battery and for 
the composite score. The entry under Curve Type 
in Table 8 has been determined in two ways: first, by 
finding the type of curve suggested for given values 
of Kn, in Pearson's Tables for Statisticians (Hj see p. 
Ixiii of the Introduction) and, second, by plotting a 
point on Diagram XXXV, page 66, the values of 
the x and y ordinates of this diagram being Pi and 
Pfl respectively. The probable errors of the Betas and 
the Kappas of Table 8 are not given because with one 
exception either Pi or p 2 or both were too large for 
these values to be determinable from Pearson’s Tables. 
However, it seems clear from the tables that these 
P.E.’s would be relatively large, indicating that the dis- 
tributions obtained are not very stable. Only one in- 
controvertible fact seems to come from these data, 
namely, that the type of curve which describes handed- 
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ness is not to be determined by any one test alone, if 
there is any one curve that can be said to describe it. 
For two distributions the data would seem to be satis- 
fied by a Type-V curve (Treasure and Escape Tests) ; 
two others, the Pin and the Target distributions, are 
heterotypic, and for the Composite Score, if a value of 
— .1734 is considered near enough to zero to satisfy the 
equation 2pa — 3pi — 6 equals 0 (a value of zero would 
seem definitely to be within the P.E. of the value 
— ,1734), it would seem that a Typc-lII curve would 
satisfy these data. The next logical step would seem 
to be to fit a theoretical curve by the method of Least 
Squares, at least to the distribution of Composite 
Scores. However, the writer feels that the labor in- 
volved in doing this would not be profitably spent 
until some further work has been done to evaluate the 
suggestion made earlier in this section that these ob- 
tained distributions for each test might more adequately 
be considered as two separate distributions merged 
into one, This will involve fitting curves from the 
tails of the distribution where the data may be pre- 
sumed to be more homogeneous and it is felt that the 
data at hand for the left-hand end of the distribution is 
not entirely adequate for this purpose. Therefore, 
since this possibility was not considered by the writer 
prior to the collection and analysis of these data, he 
feels Justified in postponing this matter with the defi- 
nite intention of carrying out such additional analysis 
in the reasonably near future. 

The L-E-R Questionnaiue DisTniiiuTioN 
The data concerning the distribution of scores ob- 
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tained with the L-E-R Questionnaire have not been 
discussed up to now, although presented in Tables 7 
and 8. These data are not felt to be an integral part 
of the discussion preceding and therefore will be con- 
sidered separately. These scores do not represent the 
measurement of an actual inherent skill or quality, but 
represent an expression of opinion concerning certain 
common habitual acts or performances. (See IV.) 
The rough gradation into “right," “either," or “left” 
is the only differentiation that can be made between 
the hands for any given question and the qualitative 
Value of the questions is not the same. For example, 
many persons would say they could drink with the glass 
in either hand if the circumstances demanded it al- 
though they would prefer to use their dominant hand, 
but relatively few people could truthfully say that they 
Write with either hand with anywhere near the same 
ease; therefore any such unweighted scale yields rela- 
tively little information of value concerning the real 
or inherent differences between the hands. The U- 
shaped distribution obtained is much as one would ex- 
pect. The surprising element is the slow rate of rise 
for the left-hand group. This presents visible evi- 
dence of the degree to which left-handed people suc- 
cumb to the environmental pressure to use their right 
hands, while the use of the right hand for right- 
handed people is reinforced by these pressures. 

Summary 

By way of summary, it may be useful to reconsider 
the four suggestions or theories presented earlier in 
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this section in the light of the evidence presented from 
this investigation. 

1. Handedness is best described as a two-category 
traitor, as a modification of this, the distribution would 
logically be expected to be U-sbapccl, 

The only evidence to bear out this theory is the 
shape of the distribution curve obtained with the L-E-R 
Criterion Questionnaire. If the questionnaire were 
longer, if proper weights could be determined for each 
question, and if finer gradations of handedness could 
be reliably determined, it is very doubtful if the U- 
shape of the distribution would persist. Furthermore, 
such 1 distribution would still be largely determined by 
strength of preference, a function of environment, and 
not by quality inherent in the make-up of the indi- 
vidual. 

2. Handedness is best described by some I-shapcd 
distribution of unknown skewness and kurtosis with 
the normal curve as a special case within this hypothe- 
sis, 

The data of this investigation show no tendencies to- 
ward normality if the whole range of handedness is 
considered as one distribution; however, all curves 
are I-shaped curves, varying in skewness and kurtosis 
according to the degree of small muscle coordination 
and nervous control required. The distributions ob- 
tained in this investigation are atypical, however, as 
regards the relatively large size of the Betas obtained. 

3. Handedness is truly bimodally distributed, 
There is evidence in at least three of the distributions 
obtained of a second mode Avhich might logically be 
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thought of as suggesting the central tendency of the 
left-hand distribution. The trouble with this hypothe- 
sis is the difficulty in demonstrating that the data are 
truly homogeneous. 

4. Handedness could more logically be considered 
as having two distributions, that of the left-dominant 
and that of the right-dominant, with curves similar in 
type but converse in skewness when not symmetrical. 
The data of this investigation are not inconsistent with 
this hypothesis. The persistent popular dichotomy of 
right-handed people and left-handed people and the 
equally persistent assumption that the two are some- 
how different in kind seems justified. We may think 
of people as being less and less right-handed only so 
long as the right hand maintains its advantage over the 
left. When the left takes the ascendency the logical 
demands of the situation are to consider such persons 
as left-handed. 

If a majority of people on a majority of tests, objec- 
tive in nature and not specifically calling for skill by 
reason of training, were found to be within the ambi- 
dextrous range, it might be adduced that the natural 
state of man is ambidexterity and the true distribution 
of handedness would consist of plus and minus varia- 
tions from zero-handedness as a mean. There are, how- 
ever, no indications that this is true. 

However, the fact that such a distribution with the 
rnode within the ambidextrous range is obtained when 
a test involving the larger muscle coordinations is used 
(Target Test) suggests the possibility that the progress 
of evolution has been in the direction of specialization 
of function and away from ambidexterity. 
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HANDEDNESS RELATED TO CHRONO- 
LOGICAL AGE, INTELLIGENCE, 
SCHOOL ACHIEVEMENT, AND 
CONDUCT FOR CHILDREN 
9-15 YEARS OF AGE 

Change in Handedness with Change in Age 

Does handedness change in any systematic fashion 
from year to year as the child grows older? In other 
words do people grow more nearly ambidextrous as 
they grow older or do they become more than ever set, 
in the direction and quality of their hand dominance? 
The evidence from this investigation on this point is 
inadequate but very suggestive, These data arc pre- 
sented in Tables 9 and 10. If haiulcdness is thought 
of as a continuous homogeneous variate ranging from 
one extreme of dominance to the other, the proper 
statistic to use in studying the variations in handedness 
from year to year would be the mean of the total dis- 
tribution. Therefore Table 9 presents these statistics 
for each year level from 9 to 15 inclusive and for each 
lest of the battery and the composite score. An ex- 
amination of the section of the table giving the means 
of the entire distribution reveals definite trends in three 
of the four tests, In the fourth, the Pin Test, the 
variation in the means is inconsistent in direction. For 
the Target Test the tread is definitely downward in 
the direction of ambidexterity while in the case of the 
Treasure and Escape Tests the trend is quite as defi- 
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TABLE 9 

Analysis of Growth Trends for Seven C.A. Levels on Each 
Test of the Battery and for the Composite Score 

Total group Right-handed 

N M S.D. SE-m N M S.D. iS,E,u 


Target Teat 


9 year 

Ida- 

BO 

5,69 

5.29 

.59 

52 

B.73 

2.56 

.36 

10 

11 

ri 

16S 

B.QO 

6.81 

.54 

116 

11.31 

2.4B 

.21 

U 

II 

II 

1B9 

7,05 

6.97 

.51 

12B 

10.67 

4.99 

M 

12 

II 

M 

213 

5.31 

6.li5 

.47 
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10.24 

5.10 

.48 

13 

tt 

TI 

237 

S.04 

6.01 

.39 

127 

9.32 

4.19 

.19 

14 

II 

II 

166 

4.47 

5.14 

.40 

77 

8.BB 

3.66 

.42 

IS 

it 

II 

34 

2.36 

4.75 

.52 

23 

8.09 

1.89 

.39 

All 

AgCA 


1134 

5.62 

6.46 

.19 

634 

9.97 

4.S3 

.19 
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9 year 

olds 

79 

24.66 

16.1B 

1.92 

73 

27.96 

11.63 

1.36 

10 

(1 

(1 

163 

23.35 

14.4+ 

ua 

153 

25.50 

11.46 

.91 

11 

M 

II 

li6 

21,97 

14.66 

1.07 

173 

24.77 

10.54 

.80 

12 

M 

11 

2LS 

19.gB 

15.46 

1.06 

166 

24.20 

11.56 

.85 

13 

if 

II 

239 

20.66 

14.24 

.92 

217 

23.31 

12.97 

.88 

14 

tt 

11 

17S 

22.57 

14.27 

1.08 

163 

24.67 

12.21 

.96 

13 

rl 

II 

77 

U.62 

14.90 

1.70 

69 

22.00 

10.1+ 

1.22 

All 

iigcs 


1132 

21.45 

14.65 

.44 

1032 

24.49 

10.83 

.34 

Treasure 
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77 

25.92 

21.91 

2.50 

65 

35.73 

15.18 

1.BB 

10 

(1 

11 

166 

30.64 

24.67 

1.91 

143 

37,79 

16.19 

1.35 

11 

t( 

II 

175 

32,99 

24.21 

1.83 

162 

40.55 

17.51 

1.38 

12 

II 

n 

20B 

39.36 

30.17 

2.09 

184 

47,87 

17.91 

1.32 

13 

II 

II 

233 

42.61 

27.61 

1.81 

213 

49.01 

16.99 

1.16 

14 

II 

II 

US 

43.96 

25.13 

1.94 

156 

49.54 

19,77 

1.50 

IS 

ti 

II 

87 

46.68 

27.06 

2.90 

82 

51.08 

19.73 

2.18 

All 

age 

B 

1113 

38.87 

26.77 

.80 

1005 

45.08 

1B.05 

,57 

Eicnp 

e Test 









9 

year 

Glda 

74 

29.09 

19.42 

2.26 

67 

33.90 

11.99 

146 

10 

II 

ta 

165 

34.32 

20.75 

1.62 

156 

37.64 

23,57 

1.89 

11 

ir 

fl 

171 

35.17 

22.20 

1.70 

153 

40.84 

15,13 

1.22 

12 

if 

II 

206 

35.33 

28.97 

2.02 

184 

42.98 

16.79 

1.24 

13 

II 

If 

23 B 

39.70 

25.48 

1.65 

223 

44.72 

16.76 

1.12 

14 

ri 

n 

17B 

43.26 

25.37 

1.90 

165 

49,04 

11.46 

.89 

IS 

fi 

ft 

B2 

41.08 

21. 84 

2.41 

80 

43.25 

16.87 

1.89 

All 

agea 

(114 

37.36 

24.61 

.74 

1023 

42,73 

15.07 

.47 

Composite 

Score 









9 

year 

II 

olds 

75 

33,43 

17.72 

2.04 

71 

36.51 

11.62 

1.38 

10 

ri 

163 

36.16 

17.09 

1.34 

154 

39.11 

12,07 

.97 

11 

fi 

If 

176 

36.60 

18.49 

1.39 

164 

40,35 

11.97 

.92 

12 

II 

fl 

20B 

34.36 

21.S4 

1.51 

190 

39.66 

12.62 

.92 

13 

n 

fl 

232 

36.74 

20.20 

1.33 

21B 

40, B3 

11.72 

.79 

14 

If 

II 

173 

35.02 

21.32 

1.62 

159 

40.04 

12.38 

.98 

IJ 



B7 

34.14 

18.76 

2.01 

B1 

3R.S7 

11.01 

1.22 

Al 

age 

B 

1113 

35,59 

19.70 

.59 

1052 

39,43 

12.26 

.3B 


*Any level of Chronological Age is defined as the naming yenr plui and 
minus six months, e.g., the nine year olda include all those from B years and 
7 months to 9 years and 6 months inclusive. 
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TADLK 10 

The Significances on the Diffekhncus nirnviniN the Means 
OF TUB IO-Year-Old Grioui’ and tub 14-Ybar'Old 
Group for Each Test or thu Hattbry 

AND FOR THfl CoMJ'DSITB ScORB 


Tesl 

Tola 

Ditl. 

group 

‘"n/f. 

Did. 

"'JIN. 

Kirill-handed 

Dill. 

Diff. 

Torg«t 

— 3.S] 

.67 

S.27 

— 2,43 

,84 

2.89 

Pin 

— .71 

1.56 


— .83 

1.39 

.60 

Treljure 

a.94 

2.5Q 

3.SB 

n.+o 


:.4B 

Escape 

13.32 

2,72 



2.02 

J.12 

Composile 

—1.1 + 

2,11 

.s+ 

.93 

1.38 

.67 


nitely upward, or in the direction of a wider differen- 
tiation between the hands as age increases, Table 10 
gives the significance ratios for differences between the 
mean scores of the 10th and 14th years test by test. 
The difference between the 9th and the 15th years was 
not chosen because the number of cases was so much 
smaller for these two years than for the remaining five 
age levels studied. For the three tests just mentioned 
the significance ratios are ail greater than 2.5, and 
therefore can be considered statistically significant. 
The direction of these differences is consistent with 
the trends mentioned above. 

The means for the Composite Score show less fluctu- 
ation and the difference between the Mean Composite 
Score for the 9-year-oid group and the Mean Compo- 
site Score for the 14-year-old group is not statistically 
significant. 

If the range of handedness from extreme right- 
handedness to extreme left-handedness is considered as 
being best described not by one distribution but by two. 
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one of the right-handed and one of the left-handed, the 
proper statistics to use in studying growth changes 
would be the means of these two separate distributions 
in order to tell whether the trend in the means is con- 
sistently outward, i.e., in the direction of more extreme 
differences between the hands, or consistently inward, 
in the direction of ambidexterity. Unfortunately the 
number of cases in the left-handed distributions by age 
levels is not great enough to justify computing these 
means for the left-handedness distributions. However, 
the means for the right-handed group, i.e., all those 
having plus scores above the standard error measure- 
ment of the zero score, are given for the purpose of 
comparing them with the means of the entire distribu- 
tion, The trends are consistent in both series of statis- 
tics. The Target Test shows a trend toward ambi- 
dexterity, and the Treasure and Escape Tests show the 
same trend toward a more confirmed right-handedness 
with increase in age. In the Pin Test the same ran- 
dom fluctuations are found with no consistency in di- 
rection. The difference between the means for the 
three tests where the trend is definite are all statisti- 
cally significant. 

These statistics taite on meaning and relevance when 
they are considered in the light of the nature of the 
tests themselves. The Target Test involves the use of 
the larger muscles of the forearm and shoulder. Ap- 
parently as one grows older there is less differentiation 
between the arms so far as the coordination of the larger 
muscles is concerned. In the Pin Test, where the de- 
gree of coordination required is somewhat finer, no 



314 


WALTKR M. DUROST 


definite trend is cliacernible; while in the Treasure and 
Escape Tests, where a high degree of coordination is 
necessary, die trend becomes definite in the direction 
of greater specialisation. Of course in the latter case 
the influence of training is probably one of the factors 
responsible for the trend. 

Handedness Relateh to Otiieii Factors 

The weight of the evidence available from other in- 
vestigations concerning the relation between handed- 
ness and intelligence, school achievement, and conduct 
suggests that there is no significant difference between 
the left-handed group and the right-handed group in 
these particulars. The writer feels, however, that the 
evidence concerning these relationships is entirely too 
meager for any final judgment. Nor docs he advance 
the evidence available from this investigation along 
these lines as being any more conclusive, because either 
the number of left-handed children is too small to 
justify any definite conclusions, or the measuring instru- 
ment used to measure the characteristic to which 
handedness is being related is of unknown reliability. 

ScpiooL Grades 

School grades in work and conduct are the first meas- 
ures with which handedness arc related here. All avail- 
able letter grades for each child were averaged by 
assigning the following values to the letters and getting 
the arithmetical mean: A-"S, C--2, 

D"«l, Varying numbers of grades were available 
for different children ranging from one year’s records 
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Up to the records covering seven or eight years. Thus 
the reliability of the final estimate of work or conduct 
varies greatly from child to child, since it is obvious 
that the combined estimate of several teachers cover- 
ing several years of work is more reliable than one 
teacher's estimate for one year. In selecting the right- 
and left-handed groups only those cases were included 
who had scores, either right- or left-handed, beyond 
the range of the standard error of measurement, applied 
to the zero score. The Composite Score is used as the 
best single measure of handedness and the approximate 
limits for the standard error of measurement applied 
to the zero score are — 10 to -|-9. In other words, all 
those who had negative ratios below — 10 on the com- 
posite score were included in the left-handed group 
and all those who had positive ratios greater than 
+9 are included in the right-handed group. In the 
writer's estimation, the cases included within the ambi- 
dextrous ra/igc would be the ones ior which such com- 
parisons as are made here would be most interesting, 
since this range probably includes the majority of cases 
where there have been difficulties over enforced changes 
of handedness. However, the number of cases falling 
within this range in this study is altogether too small to 
make such comparisons of any value. 

Table 11 gives the statistics concerning the relative 
average achievement of the right- and left-handed 
groups. It will be seen that the mean work grade and 
the mean conduct grade arc both slightly higher for 
the right-handed group but that the differences are 
not statistically reliable. 
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Intelligence 

The Otis Classifications Test was given in one school 
and the mean raw scores for Part I and Part II are 
given in the table. Part I is the measure of educa- 
tional achievement and Part 11 is the measure of intel- 
ligence. We see here that in both cases the differences 
are in favor of the right-handed group but are not sta- 
tistically significant. The final comparison given in 
Table 11 is between N.LT. Intelligence Quotients, 
which were available for two schools. For P.S. No. 
42, from which approximately one-half of the cases 
were drawn, Che tests were administered by the present 
investigator, for P.S. No. 43 the data were taken from 
school records and the date of testing is not uniform 
for all the children. There again the difference is in 
favor of the right-handed group and, while larger than 
the other differences, is not statistically reliable. 

If these data have any significance at all it arises 
from the fact that the direction of the difference is 
consistently in favor of the right-handed group, The 
smaller number of scores in the left-handed groups 
with the resulting relatively large standard errors for 
the differences found gives plausibility to the hypothe- 
sis that larger distributions of left-handedness might 
yield differences which would be statistically reliable. 
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SPECIFICITY OF HANDEDNESS 

One of the persistently controversial issues in the 
measurement of manual laterality is the question of the 
specificity of hand dominance or liaiul preference. In 
discussing this specificity of handedness, the distinction 
should be made betw'een hand dominance as measured 
by objective tests and hand preference measured by the 
proportion of habitual acts performed by the preferred 
hand. In measuring preferential handedness, any in- 
ventory of habitual performances will suggest that 
training plays a greater or less important part from 
act to act. As a result, handedness determined by any 
one act as a criterLoii will not necessarily be the same 
for even a majority of the other performances in the 
inventory. For example, many naturally left-handed 
people are made to write with the right hand; hence, 
if writing were taken as a criterion, many would be 
right-handed who would be found to be left-handed 
according to some other criterion such as throwing. 
Objective tests used to measure hand dominance mini- 
mize the influence of training, if those tests call for 
performances not specifically taught. In other words, 
training enters in only by transfer. Furthermore, such 
tests make it possible to measure all degrees of domi- 
nance from one extreme of laterality to the other, and 
make the statistical deterniination of co-variance more 
reliable. 

Test Inteiicouuklations 

The obvious method to be followed in determining 

[ 310 ] 
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the degree of association between tests of hand domi- 
nance is the correlational technique. The intercor- 

TABLE 12 

Reliability Coefficients and Intercorrelations for Handbij- 
NESs Test Battery, Composite Score, and L-E-R 
Criterion Questionnaire 




to 

M 

h 

a 

pL. 

Treasure 

|> 

D. 

tQ 

U 

M 

Composite 

L-E-R 


Uncorrected 

.mi 

.3770 

.1SS3 

.2350 

.6251 

.3650 

Target 

Corrected 

.8252 

.4997 

.2127 

.333S 

.8172 

.4726 


Uncorrected 


.8102 

.328g 

.4IS5 

.7649 

,4711 

PIq 

Corrected 


.8951 

.4672 

.5444 

.9311 

.5679 


Uncorrected 



.6115 

.$255 

.7486 

,5249 

Treasure 

.. Corrected 



.7589 

.5364 

1,0000 

,7284 


Uncorrected 




.7296 

.7712 

.5736 

Escape 

Corrected 




.m7 

.9892 

.7288 

Composite 

Uncorrected 





.8310 

.6095 

Corrected 





.9089 

,7240 

L-E-R 

Uncorrected 






.8m 


Corrected 






,9185 


relations found between the various tests of handedness 
used inthisstudyarepresented inTable 12. Before these 
data are discussed, however, some of the shortcomings 
of this method may be considered with profit. In the 
first place, the size of the correlation coefficient between 
any pair of tests is in part a function of the reliability 
of the tests, i,e., the less reliable the tests, the greater the 
degree of attenuation. To state this in another way, if the 
reliability coefficients of a pair of tests were very high 
and the iiitercorrelation between the tests were low, 
the assumption of a lack of relationship between the 
factors measured by the tests is more dependable than 
it would be if a low intercorrelation were accompanied 
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by low reliability coefficients. Even if the usual cor- 
rection for attenuation is made, this is at best only an 
estimate of the degree of association which would be 
found if the tests used were more reHablc. 

On the other hand, the degree of association found 
between the tests may be due to the fact that the tests 
have a high degree of similarity, Therefore, it is im- 
portant to answer the question: "Arc the tests used in 
this investigation sufficiently different as to be clearly 
not variant forms of the same fundamental test pat- 
tern?” In the present case, the distinction between the 
tests seems to be clear in every case except the Treasure 
and Escape Tests which may very well be only variants 
of a fundamentally similar pattern. The Target Test 
is essentially a test of the ability to coordinate the mus- 
culature of the arms and shoulders. The Pin Test in- 
volves both speed of movement and coordination of the 
muscles of the fingers and hands. The Treasure and 
Escape Tests are essentially measures of steadiness with 
speed a non-essential factor. The L-E-R Criterion 
Score is obviously entirely different in derivation from 
the other tests of the battery. Thus it would seem that 
no violence is being done to the facts when it is assumed 
that at least four distinctly different approaches to the 
measurement of handedness are represented in this 
study. The use of the ratio of the difference between 
the scores to the sum of the scores of the two hands, as 
the measure of handedness, should have only the effect 
of discounting differences in the total achievement of 
different individuals on each of the tests while empha- 
sizing the relative differences in the degrees of hand 
dominance, 
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Table 12 gives the reliabilities of each of the tests 
by the split-halves method, both the uncorrected, i.e., 
before the Spearman-Brown Prophecy Formula was 
applied to estimate the reliability of the total test from 
the correlation of the two halves, and the corrected 
coefRcients.® It also gives the intercorrelations between 
the tests of the battery, the composite handedness score, 
and the L-E-R Questionnaire, both as raw correlations 
and when corrected for attenuation. All the inter- 
correlations are positive and the smallest coefficient, 
the correlation between the Target Test and the Treas- 
ure Test (.1853±:.02), is more than nine times its 
probable error, No probable error for any of the 
coefficients given is as great as .03. The Target Test 
shows the least amount of correlation with the other 
tests but it does correlate positively with them all, even 
the L-E-R Questionnaire. From this low value of 
.1853 the coefficients range upward in size. Especi- 
ally significant are the relatively high r’s between each 
of the tests and the composite score where the uncor- 
rected coefficients run as high as .77 ; in other words, 
when the standard deviations of the various tests are 
made equal and the scores averaged, the correlation of 
this average or composite with each of the tests in turn 
is high and the coefficients are approximately of the 
same order as the reliability coefficients. The rela- 
tively high correlations between the objective tests of 
the battery and the subjective estimation of hand pref- 
erence, represented by the L-E-R scores, is additional 
evidence to the effect that handedness as measured by 


“See Section III far a more extensive discussion of reliability. 
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a variety of tests is definitely related; in other words, 
the evidence herein presented would indicate that there 
is a positive association between the degrees of hand 
dominance which an Individual will show on a scries 
of tests; and if tests with perfect reliability could be 
devised, the evidence of this association would, in all 
probability, be strengthened. The intcrcorrelations be- 
tween tests of handedness, since they measure concomi- 
tant variation over the whole distribution from one 
extreme of handedness to the other, will not tell us 
what the chances arc that a person who is left-handed 
according to one test will also be left-handed according 
to a scries of other tests; in other words, knowing the 
degree of association, as measured by the correlation 
coefficient, will not tell us the degree of stability of 
handedness when we dichotomize our distribution into 
left-handed and right-handed. In order to throw some 
light upon this problem, we have sharply dichotomized 
our distributions at the zero point. All those below 
zero are considered as left-handed and all above zero 
as right-handed, The range of ambidexterity, used pre- 
viously because of the errors of measurement, has been 
ignored in this case and the P.E.'s of the percentages 
are given as a means of estimating the degree of un- 
reliability in proportions shown. Table 13 gives the 
number and percentage of the total distribution who 
are left-handed according to each test of the battery 
and the Composite Score. Using the number of left- 
handed, according to each test, as a base it gives the 
number and percentage who arc also left-handed on 
each of the other tests and the Composite Score. For 
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TABLE 13 

The Left-Handed for Each Test Selected dy Each Other 
Test Used as a Criterion 


Teal 

Target 

N* 

N 

Pin 

% 

Test 

Treasure 

N % 

Escape 

N % 

CompoBite 
N % 

Target 



141 

.32 

146 

.30 

151 

.26 

141 

.34 





±.03 


±.03 


±.03 


±.03 

Pin 

76 

,63 



78 

.69 

76 

.70 

75 

.76 



±,0+ 




±,03 


-t-.C3 


-^.03 

Treasure 

77 

,5B 

79 

.6a 



74 

.73 

69 

.75 



±,04 


±,03 




-t-.03 


±.03 

Escape 

61 

,67 

64 

.83 

63 

.16 



66 

,89 



±.04 


±.03 


-t-.03 




-^.03 

Composite 

£1 

.79 

61 

,93 

57 

,91 

62 

.94 





±.03 


±.02 


±.03 


±.02 



Per cent 


.12 


,07 


.06 


.06 


.05 

below zero** 


±.D07 


±.005 


±.005 


±.005 


±.005 


*N ia given because N varies slightly from test Iq teat, due to the fact that 
an occasional imperfect test has been dropped out. 

**Ali negative scores are called left-handed in this case. 


example, in the case of the Target Test, 148 are left- 
handed, or approximately 12% of the total distribu- 
tion. Of these 148, 48 or 32% are also left-handed on 
the Pin Test. In the case of the Pin Test, 76 or 7% 
of the total distribution are left-handed; of these 76, 
48 or 63% are also left-handed on the Target Test. 
It would not be profitable to rehearse the whole table 
in this manner, but it may be helpful to point out some 
salient facts. When the Target Test is associated with 
each of the others in turn, including the Composite 
Score, it is seen that the percentage of left-handed 
common to each pairing is in the neighborhood of 
30%. When the other tests are associated with each 
other, we see that the percentage of left-handed com- 
mon to both ranges from approximately 60% to ap- 
proximately 90%, that is, twice and more as large in 
proportion as in the Target Test. This discrepancy is 



124 


WAI.'TRR N. DUROST 


probably explained by the fact that the Target Test 
isolates aa left-handed approximately twice as many 
as any other test and two and a half times as many 
as are selected by the Composite Score as left-handed. 
Considering in the main the range of the percentages 
of left-handed cases comn\oii to any two tests, omitting 
the Target Test, (from 60 to 90%) and in particular 
the percentage of those left-handed according to the 
Composite Score who arc also left-handed according 
to each of the other tests, i.e., 79% for the Target Test, 
93% for the Pin Test, 91% for the Treasure Test, and 
94% for the Escape, we must inevitably reach the con- 
clusion that there exists a very substantial degree of 
consistency in the type of handedness shown from one 
test to another. Moreover, it would not be doing vio- 
lence to the evidence now at hand to say that it seems 
quite justiliablc to dichotomize the total population of 
handedness Into left-handed cases, on the one hand, and 
into right-handed cases on the other hand. Such a 
statement evades die responsibility of dealing with the 
problem of ambidexterity. Probably the most reason- 
able assumption concerning ambidexterity is that a 
true measure of handedness sufRcicntly discriminatory 
to measure the smallest reliable dilTerence between the 
hands would show practically no genuinely ambidex- 
trous cases, although there might be a small percentage 
of cases where the discernible difFercncc between the 
hands was of no practical importance, so far as the 
limitation it puts on the activity of the non-dominant 
hand is concerned. 
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SUMMARY, CONCLUSIONS, AND SUGGES- 
TIONS FOR FURTHER STUDY 

Main Purposes or the Investigation 

The main purposes of the investigation were; 

1 . To develop a battery of reliable and valid group 
tests of hand dominance. 

2. To apply this battery to a random sample of at 
least one thousand cases previously unselected as 
to handedness, and from this population to : 

a. Determine the percentage of left-handed. 
h. Determine the type or types of distribution 
curves for the various tests. 
c. Determine the specificity or association be- 
tween handedness tests. 

(I. Study changes in handedness coincident with 
changes in age. 

e. Determine, if possible, in what respects, if 
any, the left-handed are atypical. 

/. Develop a Criterion test which may be used 
to select additional cases of left-handedness, 
with a known degree of efficiency. 

In the main these purposes have been achieved. The 
corrected reliability coefficients range from .76 to .91, 
values which compare favorably with the reliability 
coefficients for similar tests. The tests are as easy to 
give as the average intelligence test and are objective 
to score. The scoring, however, is very time consuming. 

[ 325 ] 
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The tests were given to over 1300 children and from 
the analysis of this population the following conclu- 
sions are drawn: 

1, Pcrcenlage of Lelhllatufed, The percentage of 
left-handed for each test of the battery and for the 
Composite Score ranges from 4-K to when the 
upper limits of left-haiidcdncss arc determined by the 
probable error of measurement applied to the zero 
score. That is, all whose scores fall below the limits 
set by the probable error of measurement are con- 
sidered as definitely left-handed. This seems a logical 
division since one whose score was on or near this point 
would be likely to have a score on the plus or right- 
handed side of aero by chance only 25 times out of one 
hundred measurements. 

2. Curve Types. No one curve type describes all 
the test distributions. Rather, the sliape of the distri- 
bution curve seems to be in part at least a function of 
the type o£ test used. As the tests rcqvtire hner and 
finer coordinations the standard deviations increase, 
and the means of the separate distribution of the right- 
and left-handed move apart. All curves are skewed 
and the direction of the skewness is negative in all 
cases except the Target Test. As the tests require 
finer and finer coordinations the negative skewness 
becomes more marked and the left-handed end of the 
distribution takes on more of the characteristics of 
an independent distribution. All distributions are lep- 
tokurtic. Perhaps the most important conclusion con- 
cerning the distributions of handedness is that they 
show no evidence of being normal curves. 
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3. Specificity of Handedness, All handedness 
measures are posidvely correlated with the r's rang- 
ing from .2827 to 1.00 when corrected for attenuation. 
The percentage of overlapping for successive pairings 
of the tests when each test is taken in turn as the cri- 
terion of left-handedness, ranges from 2Z% to 94% 
with the majority of the values above 50%. From 
these data it seems safe to conclude that handedness, 
as measured by objective tests of this nature, is essen- 
tially unitary and not specific to the type of test. Later, 
some method of factor analysis will be applied to these 
data and the results will be reported in a separate 
article. 

4. Handedness and Chronological Age, Handed- 
ness changes, coincidental with chronological age, were 
found to be relatively slight. For the Pin Test the 
changes were inconsistent. For the Treasure and Es- 
cape Tests they were consistent in the direction of more 
decided handedness foe the upper age levels. The dif- 
ference between the means of the 10- and 14-year-old 
groups was fairly large and was statistically significant. 
For the Target Test the change vv^as opposite in direc- 
tion, that is, tending toward ambidexterity, In this 
case as well, the difference between the 10- and 14- 
year-old groups was large enough to be statistically 
significant, For the Composite Score the changes were 
inconsistent from level to level, reflecting the opposite 
influence of the Target vs. the Treasure and Escape 
Tests and the difference between the 10th- and 14th- 
year levels was not significant. From these data we 
may conclude that changes in handedness with chrono- 
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logical age depend upon ihe nature of these tests under 
consideration; when the tests involve relatively gross 
coordinations, the changes are in the direction of equal- 
izing the difference between the hands as the child 
grows older, and when the teats demand a relatively 
high degree of coordination and muscular control, the 
changes with age are toward greater di/Terentiation be- 
tween the hands, 

5. Handedness Related to Achieuenienl in Other 
Directions. All differences found between the left- 
handed and the right-handed in school achievement in 
work and conduct, and in achievement on subject mat- 
ter and intelligence tests, favor the right-handed group, 
but no dilTercnccs were found to be statistically signifi- 
cant. Because of tlic relatively small number of left- 
handed cases, the investigation is incoiicluaivc on these 
issues and any more definite findings must wait upon 
the accumulation of more data. 

6. The Criterion Questionnaire. The attempt to 
develop a criterion to be used to segregate more left- 
handed cases for further study was comparatively suc- 
cessful considering only the data liaviiig to do with the 
Composite Score, 142 out of approximately 1300 chil- 
dren having L-E-R scores between — lOand -|-S. This 
includes 95% of those who were definitely left-hnnded 
according to their Composite Scores with a 5% loss, 
and 92% of those who either were Icft-liaiidcd or ambi- 
dextrous according to their Composite Scores with 8% 
loss. Orly 25% of the 142 were left-handed while 
32% were cither left-handed or ambidextrous, In 
other words, when the critccion is used, 75% of those 



GROUP TESTS OF MANUAL LATERALITY 


329 


selected will not be left-handed and 68% will be 
neither left-handed nor ambidextrous. These last two 
percentages may be called the percentage of ineffi- 
ciency, which is noticeably reduced if the narrower 
range of Criterion scores from — 10 to — 1 is taken, but 
the percentage of efficiency is also reduced to 87% 
for the left-handed and 82% for the left-handed and 
ambidextrous together. 

Recommendations for Further Research 

This investigation ought to be used as the starting 
point for a series of further studies along a number of 
different lines. A few such possibilities for further 
research are suggested here. 

Using the Criterion Questionnaire, left-handed and 
ambidextrous cases should be selected and measured 
with the test battery. Using these additional left- 
handed cases as the main experimental population, 
further deduction could then be made concerning the 
ways in which the left-handed do significantly deviate 
from the right-handed, if such deviations exist at all. 

The ambidextrous group could also be studied as a 
class to see if they deviate significantly from either the 
left-handed or the right-handed. 

If the larger sample of left-handed cases were com- 
parable in other respects with the sample of right- 
handed cases secured in this study, the distribution of 
scores for the left-handed and for the right-handed 
could be compared and some more reliable conclusions 
reached concerning the hypothesis that handedness is 
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better described by two distributions than by one con- 
tinuous curve taking in all degrees of handedness from 
one extreme to the other. 

If the handedness battery could be given to a selected 
group who also were tested by some of the indirect 
methods of measuring handedness, such as the method 
of action current precedence, the relation between these 
two approaches to the jiroblems of laterality could be 
established. If more adequate tests of eyedness which 
would yield a continuous distribution of the degrees 
of eye dominance could be devised, these tests might 
also be related to handedness as measured by the test 
battery. 

The test battery or some modification of it might be 
used in Child Guidance Clinics to measure the direc- 
tion and degree of hand dominance for clinic cases. 
It some method could be devised for collating the re- 
sults of the use of these tests in widc-sprcad clinic 
situations with the other psychometric tests also em- 
ployed clinically, it might be possible to throw some 
light upon the persistent and yet contradictory reports 
concerning the effect of handedness and especially the 
change of hand dominance upon the emotional sta- 
bility and [ife adjustments of the child. The relation 
between handedness and stuttering could be established 
in a similar fashion, 
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APPENDIX 

Nomograph for the Computatioi^ of IlANDUDNiisa Ratios 

R— L 

Formula — = r 

\\\-\. 

R fs the score oi the riiriit Imiid obtnined oti iiny given test. 

L is the score obuined with the left iun<i, 

r is the Unndcdncss Rntio or the prupurtiun that the (liflcrcnce 
bct:\^rccn t/ic ttvo /inrids is tp i/ie rotnl ncliicvcoicut 0/ both Imncla 
together. 

Data needed to enter the /iotn«pr.-iph — scores 0/ right and ieft 
hnnda, 
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Directions : Find the R and L Values on tbe R and L scales Draw 
a line or use a hnlr line dravfn oil i celluloid strip to cotinecc the 
two points exactly. The desired ratio yrill be ffiurtd on the hori- 
zontal scale. If R is greater than L, tdie ratio will be positive and 
right-hartdedness will be indicated. If R Is leM than L, the ratio 
will be negative and left-handedness wOl be Inducted. 

Example: The dotted line drawn on flic illustrative nomograph 
COflhEcts the scores R=24 and L==8. R Is greater than L and 
the ratio, therefore, will be positive. The point at which the dotted 
line intersects the horizontal scale wiU indicate the degree of handed- 
flfiss which, in this case, is 4^-30- 

the nomograph given here is lor illustrative purposes only< In 
actual practice, the nomograph used vras drawn on standard 10 x 10 
Keufel & Esser cross-section paper siud the R and L scales were 
fun up to A line scratched on a celluloid strip was used as a 
hair line. The nomograph gave results nccurate to the second 
decimal place, which was sulhciently accurate ioY ail practical pur- 
poses since the scores were grouped in the statistical analysjs with a 
Step interval of 5 as the smallest mlih When the scores were less 
than 3^ for cich hand as sDiuetitnes happened in the Treasure and 
Escape Tests, the zeros were disregarded on the 330 scale and the 
larger units were used with a cdnsidefnble gain in accuracy, l.e., 
250 was considered as 25 or 240 as 24, 

This nomograph is fundamentally similar to Nomograph No, 39 
Percentages, given by Dunlap and Kurtz (3). 
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LE DEVELOPPEMENT D'UNE UA'ITERIE DE TESTS OBJECTIFS 
COLLECTIFS DE LA LATEUALITE MANUELLE AVEC LES 
RESULTATS DE LEUK application a 1300 ENFANTS 
(RdsumO 

Li mcaurg de !n laldraliid iranuclle qu moyen de iciia oljcciira (da qua 
IcB Icsta (Ic lappitijit cl dc alabilild a cic liiniid poiK* la plupnrt nu Inboraloire 
psycliolo{!li|uc. L'ciic ciudc nppuric Ic d 6 vclu|i]iciiieni d'uns bniicrie de 
nuatrc icBla objcciifa collcciifa compnrablcB h bicn den dgardi au type du 
lobornloire, Le lest dc able dans ccKc bDlicric emploi une peilie lanccj 
un boia rond long de 10 poucea ovee iin gojjon i poinle d' 6 pinBle mis dani 
une exlr^mlid avee un nocud dnsiic|ue cn forme dc nocud coulani altachi 
& I'auire. On fall gliaacr In main 1 imvcra Ic iioBud qu'on aerre autour 
du bran de aortc que le |ioignel cbI bleu aerrd Cl qu'il faul employer lea 
musclca du coude, du bran, cl dc I’cnulc. On a pcrniis iroia lanccmenla 
dirjgfa vera chacvinc dc aoixonic ciblei. Dana le icat dc polnlillagc ou 
"lapping," on b'cbI Bcrvi d'unc dp'nglc ^ Icle dc verre pour piquer chnquB 
cerclu dll Ual: auaai vile qiic poasilile, C'esi un lest de temps Icquel mesure 
et la vitcasc cl la prfeisian. Deux icaiB dc ainbiliii lonl baifa aur une 
airic dc figures concentciquee, dorl lea cul£b forment dcs voica d'unc Urgeur 
ddcroisaniUe h Iravcra leai|UclleB on lire une ligiic nu Crnyon en caBoyant de 
ne poE louclier lea cdlh de In figure. 

Lea cocfficicnis dc coiialiincc aclnn la nidihode "aplit bolvcs" bnaic sur 
environ fi30 caa, qunnd corrigSa vnritnt de 0,7S & 0,90. 

On n'n pan ^labli In vnlidili aclon la iii^lliodc dea corrflnliona A ciuae 
du manqua d'un criiirc aaliafaianiu mala I'analyic loglque dca IcbIi n'a 
r6vil6 aucun vrnl prijugd cn foveur dc I'unc ou dc I'aiiirc main. 

Le riaulim pour I'uBBge dea mains a la proponion cnire U difl^rence 
dnna le rcndemanl dei deux rnaini el le leiulemcni lolnl dea mains, c'csl-^- 
R— L 

dire, , la vnrlnilon thforlqiic dea riauluia itnni ainBi dc —1,00 A 

R-l-L 

+1,00. 

Lea r^BullalB dca leala mcnircnl que lea teals difTArctil beaucoup dnna le 
degrA moyen dc I'uaagc dca mnina cl dans In vnrinbilili, mala cnirc quntre 
(t cinq pour cent du groups eniier aoni goucliera ilnna Loiia Ice iCRls. Lea 
coiirbea dc diatrihution bna^ca aur 1100 cna ne snnt pna cnlicrcinent acm- 
blablea dana toua lea icalB maia lea (cals on il a'ngil dea plus gmiidca quna- 
lilAs dc Coordinnlion montrcnt dea ijmoignngcB definia dc In bi-niodclitA, 
dont la nature n'eal paa cloirc d'nprii cca donndcB fi cnunc du poiit nombre 
dc cna (Una Ic aegment gauche dominant de la courbe, On n'a traurd 
aucune jelution non Equivoque cnirc I'uaage dca mains el I’agc chronologique 
ou Ic rendement acolaire dona ces donndca, 

On a teald un questionnaire dc dix qiicsliona, npposi A ccUc batlerie dc 
tesla, dnna le but dc cliolair dUvilrca cna dc gauclicric ct il a'cat montri 
d'unc Viileur dc plus de 90% dnns In B^lecliun dca gnuebers scion une 
AniimArntion compos^c dca rABullatii ou inun lea qiiatrc icuia uni Ai6 con* 
alddria dc valcur £galc. 
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DIE AUFSTELLUNG EINER BATTERIE VON OBJEKTIVEN GRUP- 
PENSTESTS DER HANDVORHERRSCHUNG ZUSAMMEN 
Mir DEN ERGEamsSBN IHRBR ANWENDVNG 
BEI 1300 KINDERN 
(Referat) 

Die Messung der Handvoiherrachung dutch cbjektive Testa wie Klopfen 
und Stetigkeilstesta hut aich zum groaaen Teil auf das psychologiache Labora* 
torium beachr^nkt, Dieaea Studium bericht'ct liber die Aufatellung ciner 
Ballerie von vier cbjektiven Gruppenteats, welche in mancher Hinsicbt deni 
Laborfitorlurntypua vergieichbar sind. Bei dem Zielscheibentest in dieser 
Batterie wird eln ZielschcibenDrurfspeer verwandt, der Qua einein 10 Zall 
langen halzernep Ffeil besteht, io den ein geapkzter Diibel an einem Bode 
eingesteckt und mit einer elasHschen Schlinge am anderen Ende gebunden 
TTurde, Die Hand wild dutch die Schlinge geschlupftj dis um den Arm 
festgezQgen wurde, damit das Handgelenk krnftig befestigt und der Ge- 
brauch dea Ellerbogena, Arm- und Schultetmuskel erzwungen wurde. Drei 
Wiirfe auf jede van aechsig Zielscheiben vrurden gestattet. Bei dem Tilp- 
feln- oder Klopfertest wurde eine glaskaptige Stecknadel moglichsc schncll 
zum Durchstechen jedei Kreiaes in dem Test gebrnucht, Dies 1st ein Zeit' 
test, der sawohl Schnelllgkeit vrie Genauigkeit misst. Zwei Stetigkeitstests 
bestehen aua einer Reihe von konzentrischen Figuren, deren Seiten Wejge 
von abnehmender Breite biiden, durch die ein Strich mit cinem Bleiitift 
gezogen wird, w&hrend der Versuch gemacht wird, die Seiten der Figur 
nicht zu bertihren. 

Die Zuverlasslgkeltskoeffizienten vermittelst der geepalteten HBlften- 
methode (split-halves method), vrelche ungefafar 650 Piille umfaasen, 
rangierten von 0,76 bis 0 , 90 , wenn sie veiiiessert warden. 

Die GOltigkcit wurde durch die Korrelationsmcthode deewegen nicht 
featgcstellt, well ea kcln angemessenes Kriterion gab, aber die logUche 
Untersuchiing der Tests wies keinen wesentlichcn Vorieil ziigonsten einer 
der beiden Hknde auf. 

Der Handvorherrachungswert war das Verhiiltnis zwUchen dem Unter- 
schied in der Ausftihrung der beiden Hdnde und der Geaamtausfuhrung der 
R— L 

Hande, d.lii, , woiaus foigt, dass der theorctische Umfang der 

R+L 

Werte sicli von — 1,00 bis +1,00 eretrcckt. 

Die Ergebnisse zeigen, dnss die Tests sehr in dem Durchschnittagrad der 
Handvorherrschung und in der Versinderlichkeit abweichen, aber zwiachen 
vier und fiinf Frozent der Gesamtanzolil der Vpn. aind Ilnkiindig bei alien 
Teats. Die Vertellungskurven von 1300 Fallen sind einander von Teat zu 
Test nicht ganz iihnlich, aber diejenigen Testa, die daa grosste Zuaam- 
menwirken verlangen, zeigen bestimmte Zeichen der BImodalitat, dcren Natur 
aus dieaen Paten niclU klar mt, wegen der kleinen Anzahl der Falle in dem 
linksherrschenden Segment der Kurve. Kein unzweideiitigea Verhaltnia 
zwischen Ilandvorherrschiing und chronolagiachem Alter, Intelligenz ader 
Schiilleistung stellte aich beraus. 

Ein n\is zchn Fragen bestchender Fragebogen zum Zweek der AulEndiing 
von noch anderen Fallen der Linkhandigkcit wurde gegen die Testbatterie 
verwandt, und ca erwics sich, dass er ufaer 90% wirkaam zur AuHindung 
derjenigen iat, wclche linkhiindig waren nadi cinem zusammengesetzten 
Wert, bei dem alle vier Tests ein glelches Gewicht bekamen. 
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I 

GENERAL PROBLEM AND EXPERIMEN- 
TAL PROCEDURES 

A . Introduction 

In this monograph a report is given of a series of 
experiments which have been carried out by the writer 
during the last two years in an efiort to gain a further 
understanding of the prenatal development of reflexes 
and of the origin and early growth of organized sys- 
tems or patterns of behavior in a typical mammal. 
Specifically, the study deals with the responses released 
by the systematic stimulation of a large number of defi- 
nitely located receptor areas, or "reflexogenous zones,*’ 
in a series of fetal guinea-pigs each of known gestation 
age. The terms “reflex” and "behavior patterns” are 
defined in the discussion at the end of the paper. At 
this point it may be said that these terms are employed 
for convenience, and their use is not intended to imply 
any particular theory of behavior. 

The conditions of the experiment are first described 
and then as complete a picture as possible is given of 
the complexity and yet the regularity of the behavior 
released by controlled stimulation of specific areas at 
various stages in these fetuses. At the end of this presen- 
tation the results of the study are summarized in a series 
of conclusions which involve certain positive state- 
ments and an evaluation of a number of current theories 
of the development of behavior. These conclusions are 
so presented as to show the bearing of the present in- 
vestigation upon certain insistent problems of psy- 
chology. 


[ 341 ] 
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B . The Expeiumental Animal 

The guinea-pig was chosen for this study for a num- 
ber of reasons. It is a readily available laboratory ani- 
mal. Its fertility is sucii as to make it satisfactory for 
» study of fetal phenomena. Many important aspects 
of the morphology and physiology of the organism are 
known as a result of intensive study by biologists. Its 
long period of gestation seemed likely, on the basis of 
previous work, to present an unusually comprehensiv'e 
aeries of fetal behavioral phenomena. And, finally, an 
excellent study of the development of behavior, from 
tlie psychological point of view, during the latter part 
of the gestation period, after air breathing could be es- 
tablished in the fetus, has been previously reported by 
Avery (6). 

The work of Schulz in 1829, Bischofi in 1852, Reich- 
ert in 1861, Hensen in 1876, and Rubaschkin in 1905, 
on the special phenomena of reproduction in the 
guinea-pig, has been summarized by Stockard and 
Papanicolaou (86). Among the mure recent writers 
who have contributed knowledge to this field and espe- 
cially to the knowledge of the nature of the reproduc- 
tive cycle in the guinea-pig may be mentioned Loeb 
(56, 57, 58), Read (78), Stockard and Papanicolaou 
(B6, 97, 88), Ishii (49), Draper (28), Avery (5). Ib- 
sen (45), Hannan and Prickett (39), Young, Myers, 
and Dempsey (106), Hannan and Dobrovolny (38), 
and Dempsey, Myers, Young and Jennison (25). 

The animals used in the experiment were kept on a 
full diet and at relatively constant temperature condi- 
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tions. Characteristically, the mean length of the oes- 
trous cycle is set at 16 days and 7 hours by Young, 
Myers, and Dempsey ( 106) in the adult female guinea- 
pig, the total range being between 13 and 21 days. 
There is variability also in the length of time that the 
"heat period” lasts. Its mean length is set at 8.01 
hours by these same investigators. In the present ex- 
periment the colony of animals was examined frequent- 
ly for behavioral and vaginal indications of sexual 
activity. When a female was found to be in heat it 
was placed with a sexually active male. The exact 
time of copulation was recorded. Every litter used in 
the present study was dated in this manner,^ 

In the guinea-pig ovulation almost certainly occurs 
within 8 hours after the end of oestrous. With safety 
one may assume that conception follows within 12 
hours after copulation. Copulation age, with an er- 
ror of less than 12 hours, thus gives the true age of the 
embryos of fetuses resulting from the known copula- 
tion. In this study, therefore, copulation age itself 
will be used in describing the age of fetal litters. 

The period of gestation in the guinea-pig is gener- 
ally taken as 68 days, although Draper and others have 
presented evidence that it may vary from 63 to 70 days. 
The wide range of time is possibly due to the confusion 
of late abortions with normal birth. 

^The author wishes to express gratitude to Dr. William C, Young 
and to his collaborators, Messrs. H. I. Myers and E. W. Dempsey, 
who were kind enough to direct the mating of a large number of the 
animals used in the study, This work was done as part of a general 
investigation of the sex-cycle of the guinea-pig which is being carried 
out by Dr. Young and his collaborators. 
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In the present experiment fetal litters of known 
copulation age from 87 adult females were prepared 
for study, Because of accidents and the desire to use 
only absolutely normal animals, however, the data of 
this paper arc based exclusively upon 60 litters which 
provided a total uf 178 fetuses. In Table 1 the copu- 
lation age, an arbitrarily assigned identifying number, 
and the number of fetuses in each litter are presented. 

'rAULi: 1 

ShO\V1NQ POST-COI'ULATION DaYS, lUKNTirVINC NVMDER, AND 

Numhdr or rniusEs of Animals Actually Used 
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The difficulty in preparing this material leads the 
writer to confirm emphatically Draper’s statement that 
the fecundity of the guinea-pig has been exaggerated. 

C. Operative Preparation of the Pregnant 
Adult Animal 

Prcyer's study had indicated that the fetus of the 
guinea-pig was immobile until about the 28th day 
(76), as had that of Yanase (104). In the present 
study, therefore, it was planned to begin at a period 
just before this and then to study one or more litters 
dated on successive days up to the normal birth time, 
which was set at 68 days. 

The experimental procedure consisted in adminis- 
tering ether for less than two minutes to the pregnant 
female whose fetuses were to be studied. As soon as 
the animal was completely anesthetized an incision of 
approximately 4 cm. was made in the mid-line of the 
dorsum of the neck parallel to the long axis of the body. 
The subcutaneous tissues and muscles of the neck were 
then quickly dissected away, exposing the cervical ver- 
tebrae of the spinal column. A specially constructed 
knife was then inserted between the 4th and 5th cer- 
vical vertebrae and the spinal cord completely tran- 
sected. In most instances this whole operation re- 
quired less than three minutes. Immediately after the 
operation, while the animal was still anesthetized, a 
long abdominal skin incision was made. The animal 
was then allowed a period of approximately 2 hours 
to recover from the effects of the anesthetic, As a re- 
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suit of the transcetiun of the cervical cord just de- 
scribed, the maternal animal was, save for spinal re- 
flexes, immobile below the region of the section. As 
judged by behavior, the whole region below the cutwas 
insensitive. This operation was peformed because the 
decerebration of the adult female, as a preparation for 
the study of fetal behavior such as that employed, for 
example, by Coronios on the cat (22), proved difficult 
in the guinea-pig. The cord transection led to very 
little loss of blood and seemed to be a satisfactory op- 
eration for the purposes of the present study. It ren- 
dered the animal immobile and insensitive at the re- 
gion of the abdominal operation, but did not interfere 
with the function of either lungs or heart and thus fe- 
tal circulation was maintained unimpaired, 

After the period allowed for the passing of the ef- 
fect of the anesthetic had elapsed, the prepared adult 
female was tied to a wire frame and lowered to the 
shoulder level into a specially constructed bath ap- 
paratus filled with physiological salt solution. The salt 
solution of the bath was maintained at a constant tem- 
perature of 37.5 ± .5“ C, by immersing the tray in 
which the solution was contained in a larger tank filled 
with tap water, which was kept at the desired tem- 
perature by thermostatically controlled electric 
heaters. 

As goon as the adult animal, supported ventral side 
up at an angle of 30® on the frame, had been placed in 
the bath so that its body below the shoulder girdle was 
immersed in the warm salt solution, a deeper incision 
was made, under water, in the abdomen, and then by 
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a suitable further operation the fetuses "were one by 
one released from the uterine membranes. Great care 
was taken to carry out this operation without loss of 
blood. Usually so little blood was actually lost that 
the water was not discolored. In this operation care 
was exercised to maintain the placenta, the umbilical 
cord, and the whole fetus itself in such a position that 
tensions did not arise which mi^ht interfere with nor- 
mal fetal circulation.^ 

D. Experimental Procedures With the Fetal 
Organisms 

Before opening the amnion a motion-picture camera 
fitted with special lenses was focused at approximately 
20 inches above the bath apparatus, so that, as desired, 
a record could be secured of the first movements of the 
fetus made after opening the amnion and of significant 
subsequent sequences of behavior.^ 

A rubber-covered adjustable lead supporting-stand 
was arranged to provide a sort of hammock upon 
which the fetus to be studied could be supported in any 
desired position. 


^The nuthor wishes to express bis gratitude to Dr, James D. Coro- 
nios who cooperated in each experiment carried out. The results. of 
Dr. Coronios' observations on the same fetal material considered here 
will be published in a separate paper dealing with the motor de- 
velopment of the fet.^! guinea-pig in relation to age and external 
anatomical measurements. Thus, two (and sometimes three) 
trained observers watched every fetal movement which was recorded. 
They also checked the accuracy of each dictated protocol. 

®The writer wishes to express his gratitude to the National Re- 
search Council for a grant in aid of research which made the purchase 
of this film possible. 
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When the fetus had been thus prepared it was sys- 
tematically studied by stimulating it at as many of the 
104 points indicated on the Chart of Receptor Areas, 
given as Figure 1, as seemed expedient To accom- 
pany this chart, which was used as a guide by the ex- 
perimenter, a series of mimeographed eight-page book- 
lets were made. One such booklet was used for each 
fetus studied, The description of behavior was writ- 
ten out in shorthand by the author’s wife. Immedi- 
ately after the experiment the shorthand notes were 
transcribed in permanent record booklets. During the 
course of each experimental period long sequences of 
behavior were recorded by the motion-picture camera. 
These pictures, of course, had to be taken of the fetus 
while it was under the water of the bath, and in order 
to make such photography clear two SOO-watt spot- 
lights were arranged so that they could be focused on 
the fetus while the camera was being used, The use 
of these recording films has made possible the obser- 
vation of many aspects of behavior which would other- 
wise have remained unobserved. The advantages of 
this method of recording in the study of fetal and neo- 
natal behavior have been pointed out elsewhere (91, 
37). 

At different times, as will be indicated in the study 
below, the behavior resulting from the following 
modes of siimulation was noted: (1) Non-experiment- 
ally controlled stimulation. This sort of stimulation 
is the result of general external and especially internal 
energy changes in the conditions affecting the organ- 
ism or certain cellular systems of the organism and leads 
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to or facilitates behavior that is generally called “spon- 
taneous mavenient/’ Under this heading the specific 
gravity and the normal temperature of the medium 
(such as air or water) in which the fetus is living 
should be included, as should also incidental stimuli 
such as those resulting from contact with the support- 
ing frame, vibration of the r(»om, and the like. For 
an evaluation of the concept of “spontaneous activity” 
see Skinner (84). (2) Light piinctiform touch by a pli- 
able hair fastened at right angles to the end of a wood- 
en probe in the manner of a von Frey esthesiometer. 
(3) Light stroking by the esthesiometer, thus giving a 
form of areal stimulation. (4) Deeper pressure by a 
strong bristle or blunt probe. (5) Prick by a sharp 
needle also fastened at right angles to a wooden han- 
dle, (6) Light pinching of skin and superficial mus- 
cles by forceps. (7) Probes of various sizes to be in- 
serted in the mouth. (8) Movement of an appendage 
at a. joint by haUUng the distal cud of the member and 
manipulating it. (9) Electrical stimulation by single- 
break shocks and by an interrupted current from an in- 
ductorium. (10) Drops of water of temperature the 
same as, above, and below that of the bath. ( 1 1 ) Loud 
sound produced by a whistle. (12) Bright light pro- 
duced by 500-watt bulb in a spot-light. (13) Bends 
and twists of the head and neck in the study of “Mag- 
nus reflexes.” (14) In late fetuses, removed from pla- 
cental circulation and breathing air, rotation on a turn- 
table. (15) Also in late fetuses taste and smell stim- 
uli. 

As noted in the report of results, the above modes of 
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Stimulation were in many instances used at different in- 
tensities. 

The responses given to the various forms of stimuli 
just outlined are not by any means to be considered as 
simple direct functions of the stimulus used. Indeed, 
a series of factors which may be called the variable 
conditions of the organism influence the results secured 
from stimulating active fetuses. Beside the mode and 
intensity of the stimulating energies described above, 
the response given by the fetus must be considered as 
a complexly determined act dependent as well upon the 
following factors: (1) The gestation age of the fetus 
and all of the correlated ailatomical and physiological 
characteristics of the variable genetic stock and age in 
question, including, as most important, the structural 
development of the reccptor-neuro-muscular mechan- 
ism. (2) The size of the area stimulated. (3) The 
number of stimulations given in a specific time (that 
is, allowance for the phenomena of '^summation" and 
“fatigue”), (4) The transient physiological condi- 
tion of the fetus at the time of stimulation (that is, de- 
pendence upon blood supply, immediately antecedent 
activity, and the like). (5) The general body posture 
of the fetus at the time of stimulation. (6) Unknown 
changes in the visceral or other internal conditions. 

A consideration of the variable conditions of the or- 
ganism just presented makes it clear that any simple 
correlation between a “single stimulus" and a "unitary 
response" in a fetus of a particular age cannot be hoped 
for. However, in all of the experiments of the pres- 
ent study every effort was made to maintain conditions 
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as constant as possible. It must be clearly stated, how- 
ever, that, because of the different modes of stimnlaiion 
and the variable coitrlilions of (he organism outlined 
above, absolute consistency on the same age cannot be 
expected. In spite of these variable factors, however, 
the writer has been surprised in the course of this study 
at the unifoniiity of response that appears in the whole 
series of fetuses. 

The Chart of Receptor Areas shown in Figure 1 was 
developed after some preliminary experimentation. 
On the chart arc indicated the zones which were stimu- 
lated in a routine manner in each fetus studied. The 
novel resntis of (liis siudy are in no smalt measure duCj 
{( seems, to (he jad (hat previously unrecognized be- 
kavioral sequences could be observed in ihts invesliga- 
ilon as a resitll of (he comparabilily of sTmnlus pro- 
cedures from fetal singe (o fetal stage made possible 
by the conslslent use o[ this chart. It is believed that 
this form of relatively complete, constant, and there- 
fore comparable stimulation from fetal stage to fetal 
stage has never before been applied as systematically 
and extensively as it has in the present investigation, 



II 

EXPERIMENTAL RESULTS 

The limitations of space prevent the publication of 
the full series of protocols taken during the course of 
this rather complete' experimental exploration of stim- 
ulus-released behavior at each developmental level. 
The full transcription of the protocols occupies more 
than four hundred typewritten pages, and yet in this 
investigation, from one point of view, these complete 
protocols alone can give the true picture of fetal activ- 
ity as it has been observed in the many fetuses of many 
ages used in this study. In the present paper a few com- 
plete protocols are presented which give the recorded 
responses in each of the series of fetuses studied result- 
ing from the stimulation of a numbered receptor area, 
In most instances, however, only brief summaries of 
the protocols can be offered. 

It should be emphasized that the course of experi-, 
mentation was to stimulate each spot that could effec- 
tively be stimulated in each fetus studied. The com- 
plete record of response of each fetus was thus taken 
down on a record booklet, as described above. At no 
time did the observer read any previous protocol just 
before an experiment. The animals were also taken 
in random order, so far as fetal age was concerned. As 
much as 18 months sometimes intervened between, for 
example, the record of response to touching the lower 
eyelid in a forty- and in a forty-one-day fetus, Ob- 
viously suggestion and “knowing-what-to-look-for” 
were thus practically ruled out. The conditency, or 

[353] 
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lack oj cousisteuey, of resulfs given in any protocol aj 
prinied here is the result of reorganizing oil the pro- 
tocols and (irrangiiig the *wrilleri observations in chron- 
ological order after the complete experiment ivas over. 
The consistency of results given in certain series of pro- 
tocols was a complete surprise to the writer and was 
discovered when the study was being prepared for pub- 
lication. The constancy, that is, became apparent only 
when the protocols which had, of course, been taken 
completely on each fetus were broken up and arranged 
chronologically according to each receptor area 
studied. 

In a previous paper the present writer has discussed 
the problem of the stage at which observations which 
are to be taken as significant for an understanding of 
behavior should begin (IS). The succession of gen- 
erations is endless. Always in dealing with an animal 
some antecedent life events may be discovered which 
are significant in understanding the organism as it is 
at the time of observation. This is true whether it be 
the condition of the germ cells before fertilization or 
the make-up of the response mechanism before the first 
reaction to internal or eixtcrnal stimulation has oc- 
curred. For a scientific and logical orientation in this 
field see Gesell and Thornpson (37). 

In the present paper, rhythmic muscle contraction 
of the sort characteristic of the beating heart of the em- 
bryo will not be considered as the beginning of true 
behavior, but rather the first externally observable re- 
sponse of skeletal muscle will be taken as marking the 
onset of such activity. 
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In the present study the first response which could 
be surely identified occurred in an organism of 28 post- 
copulation days. In this stage, and indeed in the five 
or six days immediately following this first observable 
external movement, it was not possible to use the sys- 
tematic Chart of Receptor Areas which has been de- 
scribed above. The first transitory behavior phenom- 
ena may therefore best be summarized in the follow- 
ing paragraphs under heading “A”, while under head- 
ing “B” will be given the much more extensive series 
of protocols taken on animals which were systemati- 
cally investigated, 

A. Reaction or Early Motile Stages (27-31 days 

INCLUSIVE) 

27 Days. Three separate adult animals were used in studying 
this age (Animals Nos. 2, 3, and 4). In no one of the nine normal 
fetuses studied was there any externally observable tnovement. 
Regular rhythmic heart beat could be observed in each fetus through 
the thin and almost trmpatent chest wall. Fatadic stimulation led 
to direct muscle contraction. 

28 Days, The animal (No. 5) studied at this age had two 
fetuses. No movement was observed in the first fetus, although 
muscle contraction was elicited in it by faradic stimulation resulting 
from applying electrodes directly to the muscles. In the case of the 
second fetus, while still inside the wholly transparent amnionic sac, 
"spontaneous tnovoments," in the sense of the term as defined above, 
could be observed. These movements corKisted in a slow lateral 
bending of neck and possibly thoracic trunk on one side so that the 
head was moved laterally. Weak flexion of the fore leg was ob- 
served at tile same time. It seemed that this fore-leg movement once 
occurred without any accompanying trunk or neck movement, When 
this organism was allowed to come out of ite sac into the warm bath 
of salt solution no further •movement was observed, nor could move- 
ment be elicited by cutaneous stimulation. 
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29 Days. 'I\s’o mlult aiiimnis wcrp stwiicil tit tills stage (Nos. 

6 and 7). The first had lour fetuses. The first of these fetuses 
demonstrated spontaneous movcmcnls before removal from the sac. 
The most notiihle of these movements was a synchronous bending of 
the neck so as to bow tlic ftcad at the same time that a definite flexion 
of the most readily observable fore leg occurred. After removal 
from the sac no further movement, save heart beat, could be observed. 
There was no response to cxicroccptivc atiinulatioo. In the second 
fetus movement was seen as the fetus was shelled out of the 
amnion. This fetus gave niarlccd direct muscle contraction to 
faradic stimulation. In the tliitd fetus, widlc still in the sac, move- 
ment of the head and flexion of both fore and hind limbs were 
observed. When removed from the sac, however, no further move- 
ment could be uhscivcd. in the fourth fetus no jiiovcmcnts were ob- 
served, save those resulting from direct electrical muscle stimulation. 

The second adult animal operated upon at this age had but one 
fetus. No movements save those brought about in muscles by direct 
faradic stimuli were obsceved. The heart bent of this fetus was 
regular, however, 

30 Days. Two adult animals were operated on at this ape (Nos, 
8 and 9). One of the animals had three fetuses, Tlic first fetus of 
this nniinnl, observed while still within tlic amnionic sac, showed 
spontaneous definite flexion movements of the fore limbs. These 
movements seemed to involve both head and trunk responses and 
probably also slight flexion of the hind limbs. These movements 
continued after the fetus had been removed from the sac, but were 
of smaller amplitude, Ko reactions could be dearly shown to result 
from stimulation applied by the experimenter. In tlic second fetus 
of this litter, also observed in the sac, (Icxiun nf the fore and pos- 
sibly also of the hind limbs was observed, accompanied by latcrnl 
head movement. No definite trunk movement could be observed. 
In the case of the fore-limb movement it seemed that there was 
slight articulation at the elbow. The third fetus of this litter, after 
being sliellcd out into the bath, showed .a unilateral flexion of the 
trunk (a "C” movement) so that both head and rump were brought 
nearer the surface of the water. Fore-limb flexion was observed at 
the same time with flexion at elbow joint. The hind-leg movement 
which was observed wa.s possibly related to the bending of the body. 
In the ease of each of these fetuses the time of the observation was 
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limited, Movements persisted only from a few seconds to two min- 
utes after observation began. 

The second adult operated upon at this period had three fetuses. 
In the first of these, while still in the amnionic sac, the left fore 
leg was observed to be brought up to the side of the face, Heart 
heat was also observed, but no further movement. No movement 
was seen in the second fetus of this litter. While the third fetus 
was still inside the sac, a sharp spontaneous movement of the left 
fore limb, adducting it toward the belly, occurred. A general lateral 
trunk' flexure also occurred in this fetus. In no one of these three 
fetuses could movement by stimulation be elicited after it had been 
removed from its sac. 

31 Days. Two adult animals were studied at this stage (Nos, 
10 and 11), but in the case of one animal no movement or heart beat 
could be observed in any of the four fetuses. In the second adult 
animal no movement or heart beat was observed in the first fetus 
exposed, but rather elaborate "spontaneous” behavior was recorded 
for the second fetus. In this fetus, after removal from all sacs, definite 
lateral trunk flexion was observed. These movements were accom- 
panied by fore- and hind-leg flexion and by weak neck flexion leading 
to bowing of head. At another time a number of strong "C move- 
ments brought both head and rump toward surface of water. As part 
of this ''C” movement both hind legs moved with what seemed to be 
articulation not only at the hip but at the knee. At one time the 
"C” movement seemed to lead to an extension of the spine with a 
consequent postural stiffening of the whole trunk. What seemed 
to be slight contraction of the muscles of the abdominal wall was also 
observed. In one instance a slight circumduction of the fore limb 
followed by a distal movement of the limb with articulation at the 
carpus took place, Again and again hind-leg flexion followed by 
flexion of the contralateral fere leg was observed. The fore-limb 
movements, however, were smoother and more definite than were 
the observed hind-leg movements. 

.This 31-day fetus was the youngest fetus of those observed 
in this study to give a definite response to experimentally 
applied external stimuli. When touched on the face no 
definite response could be elicited, but when the esthesiometer 
was applied to the region which would later form the fully developed 
conclia of the ear definite fore-leg movements were elicited which 
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were accompanied by a flexion of tlic neck which led to a bowing cf 
the head. The bowinj; occurred synchronously with the slight rais- 
ing of the fore limb. A motion-picture record of this inovcmctit was 
fortunately secured. 

B, Rkaction of Fetuhi'S Siiowino Dei-inite 
Responses to Expeuimentally PiuvSented 
Stimuli 

In the paragraphs above we have seen that, as the 
result of conditions indepciideiu of any stimuli applied 
by the experimenter, quite elaborate responses occur. 
In the case of one fetus of 31 gestation days just con- 
sidered, it proved possible to bring about response to 
tactual stimulation. 

On the following pages are presented a series of ob- 
servations concerning the onset and change in re- 
sponses as such responses appear following the system- 
atic exploration of the exteroceptive field of a series 
of fetuses as shown in Figure i, 

In each case the responses given are the result of 
lightly applied pressure as described above, when the 
contrary is not specifically noted. In the case of the 
complete protocols a series of numbers in brackets at 
the beginning of each observation signify (1) the age 
in days of the fetus determined from the recorded time 
of copulation, as D32, (2) an arbitrarily assigned iden- 
tifying number referring to the adult female in which 
the fetus developed, as No. 13, and (3) in certain in- 
stances, a number preceded by F, which indicates a 
particular fetus of the litter, as F2. (Where no F is 
given it is assumed that Fetus 1 is being considered.) 



BEHAVIOR IN THE PRENATAL QUINEA-PIG 


359 


The letters N. R. signify no response followed 
stimulation. 

In reporting the results, the point of stimulation as 
defined on the chart will be presented and then the re- 
action to this point will be given at successive gestation 
ages from 32 days after copulation to the end of the 
normal prenatal developmental period at 6S days. It 
must, of course, be remembered that in younger stages 
it wasnotpossibletostimulateatallthepoints indicated 
upon the chart, because anatomical development had 
not progressed to a point at which such fine discrim- 
ination of area was in all cases possible. It must also 
be kept in view that the responsive life of the early 
motile fetus is not as great as it becomes in the middle 
and later part of the gestation period. Thus, it was 
not possible to explore the receptive areas of the 35- 
day fetus for more than a few minutes before definite 
signs of a decrement in response were noted. On the 
other hand, in later fetuses it was possible to study one 
fetus for several hours and still have no apparent loss 
in the speed or adequacy of response. It must also be 
apparent in these reports that the regions which were 
selected before the experiment began as points of stim- 
ulation are, from the results of the experiment, shown 
to be in some cases needlessly overlapping with other 
points, and in other instances the points selected were 
rather non-significant. Complete mapping of the re- 
fiexogenous zones which are indicated here would 
necessarily require a psychophysical technique similar 
to that employed in mapping the blind spot of the eye. 
Such a procedure would entail the use of dozens or 
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even hundreds of aniinaJs at each gestation age. Once 
again, therefore, it may be said that the results given 
belov should be taken as preliminary rather than as 
the result of a final survey of die growth of the reflex- 
ogenous zones and stimulus-released behavior in the 
fetal guinea-pig. 

We now turn to consider, area by area, the responses 
released by systematic stimulation at different post- 
copulation ages, 

1. /hisU of Lip. (1)32, No. 13). A slinlit lateral flexion of 
neck occurred iit unce, tlius )iriiiK>nK licatl towiinl the stimulus. At 
the same time a lateral flexion of the rump took place. Tlic fore 
leg was then brought up tow'ard but not toucliinR the mouth. (D32, 
No. 14, F2) At fir.u both fore paws were raised toward 
the licfid aiul then synchronously flexed. (I.)32, No. 14, F3) 
The fore paw was raised so as nciually to touch the point 
stimulnicd. After a few seconds the stimulus was repeated 
and cxtictlj' the same precise locnli'^ing movement occurred. (D33, 
No. 16) A slifiht extension of the back occurred, wliicli was quickly 
followed by a flexion of the whole trunk ami a flexion of both hind 
legs, (D34, No. 17) The head was pulled up find rotated sharply 
ao ns tc remove point of stimulation from stimulus. Doth fore legs 
were then brou('lit up toward snoutj tlic homulatcml leg brushed 
the spot stimulated during this movement. On re-stimulation die 
same sequence cccuricd. (D35, No. 20) The head was pulled 
away to side, A twitch of all four limbs occurred, which was fol- 
lowed by a definite but slow raising of the liomolatcral fore lef up 
to side of face, In this ease the paw did not touch the face. "Whea 
the paw was over the face, however, it executed several "brushing 
movements." (D35, No. 19) After stimulation an opening of 
the mouth occurred at once. This was followed by responses of the 
body muscles wliicli included fore- and hind-limb movements. (D36, 
No. 21) A slinkc of the head with extension of trunk nccurrcd at the 
same time that a rather rapid raisinfr of honiolntcriil fore limb took 
place. This posture of the fore limb was maintained for several sec- 
onds, (D36, No, 22) The liomolatcral leg was brought up to mouth, 
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During this time the mouth opened and closed several times. 
Eventually several digits of the paw were placed in the 
mouth. (D37, No, 23) Stimulation led to movement of the homo- 
lateral fore leg toward the angle of the lip. (D37, No, 23, F2) A 
very light touch of lip led to slight pushing out of the tongue (D30, 
No. 24) The bomolateral fore limb was extended. On second stim- 
ulation thi? Was repeated, but in neither case did the paw come in 
contact with the face. (D39, No. 27) On light pressure stim- 
ulation the tongue was pulled into the mouth. The muscles of the 
vibrissal area contracted so as to corrugate the skin above them. 
Fore-leg movements were executed whldi involved brushing of the 
snout. (D39, No. 25) The vibrissae pad was slightly corrugated 
and the heterolateral hind leg twitched and was then brought up 
toward but not touching the point of stimulation. (D40, No. 28) 
A twitch of the vibrissae pad to a single touch was noted. To re-, 
peated stimuli the twitch of the vibrisae pad occurred agairi and 
both fore legs were brought up and the homolateral limb was brought 
over so that the spot was brushed. (D41, No, 29) The tongue 
was thrust forward. (D42, No. 30) Very light stimulation led 
tfl protrusion of the tongue. (D43, No. 31) The homolateral fore 
limb was brought up to the spot, which was then brushed by the 
paw. (D44, No. 32) To a very light touch, a slight opening of 
the mouth with a corrugation of the vibrissae pad occurred. To a 
stronger stimulus a slight upward snap of the head took place, re- 
sulting from neck extension, and both fore legs were brought up 
toward the face. Tongue movements also occurred. (D45, No. 
33) Specific and definitely localized movements of the upper lip 
occurred on the side toward the stimulus. At the same time the 
homolateral fore leg was flexed at the elbow and the limb was 
brought up to the snout with a maintained flexion also at the wrist. 
The digits were slightly flexed and maintained in a "cupped" pos- 
ture. The homolateral hind leg was flexed and adducted toward 
the belly. A slight twitch of the head also occurred, (D45, No. 
33, F2) Elevation of both the upper lips in a "snarl" took place 
accompanied by a quick sharp extension of the spine, thus stretching 
the whole body. This occurred at the same time as an upward 
jerk of the head. An extension of both hind and fore legs 
also took place. The fore legs were then brought up to but did not 
touch tJie snout, (D46, No. 34) To stimulation a quick hvitch 
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of tlic vibrissnc pad occurred. Movetncnls of the fore legs In the 
general direction of spot stimuliitcd then tonic place, but the reac- 
tion was not spccificiilly localized. (1H7, No, 35) On stlinulntioa 
both fore legs were rapidly cxlemlcd and elevated so that they touched 
the lower part of the chin. When ri small brush was substituted for 
the single-hair stimulus the mouth opened and the upper lip wns 
raised with a precise local response. (D48, No. 37) To stimulus 
a twitching of the vibrissac pad could be observed, together with an 
extension of the humolatcrnl fore limb, which did not rise far enough 
to touch tlic point stimulated. (D52, No. 42) After stimulation, 
movement of nil four limbs was noted, with possibly a greater flexion 
of the homolatcral fore limb than of any of tlic others, (D53, No. 
43) Stimulation led merely to a short twitch of the vibrissae pad, 
(D54| No. 44) At first to stimulation at the exact point indicated 
on tile cliart no response occurred, but by moving the hair a few mm, 
to the outer edge of the vibrissnc pad a single touch led to a twitch 
of tlie paw on that side. When the angle of the lip was again stim- 
ulated, the mouth opened with a contraction of the muscles around 
the angle of the lip and a protrusion and retraction of tongue oc- 
curred several times, (D54, Nn, 45) To stimulation a contraction 
of the upper lip occurred, including a carnig.ation of the vibrissne 
pad. (D55, No. 46) After stimulation a local contraction of lip 
took place, which w.os followed by a slight flexion of neck, lending 
to head movement. This last response w^ns accompanied by the 
raising of, first, the liomolntcrnl and, then, of the lictcrolaternl fore 
limb. Eye wink also occurred. (1)56, No. 47, FI) No response 
to stimulation in this area, no matter bow repeated; fetus was fully 
active in other respects. (D56, No. 47, F2) Contraction of pinna 
on the same side followed stimulation. Tlic hctcrolatcral fore leg 
was also brought up slightly and the hctcrolatcral hind leg brought 
up and fluttered rhythmically as in a "scratch response," (D57, 
No. 48) Quick precise opening of the mouth occurred as a result 
of stimulation, Tills was synchronized witli a toss back of the 
head in such n manner that tlic movement became exactly that of a 
dog catching a thrown ball in its mouth. (D58, No. 49) At first 
no response followed stimulation. Continued stlmulationi however, 
led to lip movements and a quick bite, followed by continued lip 
movements, Then there was a general trunk extension, changing 
the orientation of the wliolc body In space. (1359, No, 50) No re- 
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sponse even to continued stimulation. (D60, No. 51) A jerk back 
of the head was the first response to stimulation. This was followed 
by a rhythmic scratch reflex of the horrolaterai hind leg and then 
by a scratch response in the hcterolateral hind leg. Flutter of both 
fore limbs now began and continued during several rhythmic exten- 
sion-flexion responses. (D61, No. 52) The homolateral hind leg 
was extended and elevated to the shoulder in a series of rhythmic 
scratch movements. At the same time the head slightly rotated and 
extended in a manner to make the stimulus more intense. This was 
the opposite of a so-called "avoidance" action. After a few seconds' 
rest, this stimulus was given again vritli identical results. (D61, 
No, 53) N. R. (D62, No. 54) To light touch stimulation a sharp 
pulling away of the head occurred, follovred by an extensor thrust 
of the fore paws from the body. (D63, No. 55) As a result of the 
application of the stimulus a slight localized movement of the up- 
per Up took place. No other response occurred. (D64, No, 56) 
There was a slight movement of the head. This was followed by 
an extension and flexion of the heterolateral fore limb, and then by 
a similar movement in the heterolateral hind limb, and tlien by sim- 
ilar responses in the homolateral fore limb and homolateral hind 
limb. On stimulating again, this series of leg movements was re- 
peated as a trot response. All of these movements were of very 
slight magnitude. (D64, No. 57) N. R. (D65, No. 58) As a 
result of a touch stimulation a twitch of the trunk muscles took 
place which also seemed to involve the fore and hind limbs. (D67, 
No. 60) To stimulation a slight twitch of the head took place. The 
homolateral fore leg was then thrust up to the snout. The homo- 
lateral hind leg was extended and adducted to side just below the 
shoulder and, while in this maintained posture, executed several 
rhythmic scratches. 

2. Vibrissae Pad (D32, No. 13) A slight extension of 

the neck occurred, thus tossing the head back. At the same time 
a twitch of slight amplitude occurred in both fore legs. This ex- 
act sequence of response was given again to a second stimulus. (D32, 
No. 12) Stimulation led to a raising and adduction of the fore leg 
so that the paw swept over the point stimulated with perfect pre- 
cision, as if to brush away the stimulus. (D32, No. 14) A double 
lateral flexion of the spine followed stimulation. It began at the 
cervical region and proceeded caudad to form the typical "sigmoid 
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movement" of Cogliill, (D33, No, 16) Definite liomolatcral fore- 
limb raising and adduction to (he face resulted from tlic stimulus. 
This movement brought the paw toward but not touching the point 
of stimulation. At tlic same time the neck was slightly extended, 
thus lifting the head. (D34, No. 17) The head was sharply ro- 
tated, thereby removing the point of siimuiation from tlic posture 
which it had held when the stimulus occurred. The homolntcral 
leg ^vas /rrst raised and then flexed and adducted ta the belly. (D35, 
No. 20) To a single touch, a slight twitch of tlic head and of the 
homolntcrnl leg took place. To a slight stroking stimulus, the 
heed was floccd toward tite side of stimulation. At the same time 
tlic fore leg was extended and adducted to the side (D35, No. 19, 
P3) Stimulating tlic point indicated led to violent movements of 
the head sucli that the crown of the head, as a result of lateral flex- 
ion of the neck, came toward the stinuilus, wliilc the snout moved 
so ns to nvoid the stimulus. Repeated stimuli gave this same se- 
quence of belinvior several limes. On one occasion the pattern of 
response was complicated by the fact that the honiolatcrul fore paw 
WAS brought up strongly (o the snout. Stimulation led to violent 
head extension and flexion on the part of the nninial. Tliesc move- 
ments were accompanied by rliyiltmic paw flexions and by move- 
ments of the lower jaw so as to open and close the mouth. Only 
after five or six such movements did the animal bring its paw up 
ns if to brush away tlic stimulus. The movements antecedent to 
the brushing movement involved reactions in many other directions. 
Following tills one stimulation for a period of hall n minute after 
the first brushing movement the fetus continued to "scrub" with 
its paw at the point of stimulation. (D36, No. 22, F2) In re- 
sponse to stimulation a slight jerk of the iicad took place followed 
by a twitch of the fore limbs. (D37, No. 23) No response to a 
single touch, but continued stimulation led to responses involving 
trunk and limb muscles. On stimulating by a single touch again, 
after an interval of a few seconds, tlic homolatcral fore limb was 
slightly extended and moved toward point of stimulation, but not 
so that the paw touched the spot. (U38, No. 24) As n result of a 
single touch the neck was sharply flexed, thus iLMiling to a bowing 
of the Iicad, The liomolatcral fore limb was raised sharply with 
an accompanying twitcli of the trunk. After a delay of a second, 
but with no further external stimulation, both fore legs were ex- 
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tended and adducted so that the vibrissae pads on both sides of the 
face were brushed, a definite contact being established between each 
paw and the face. {D39, No, 27) Corrugation of the skin of the 
vibrissae pad as a result of local contraction of the muscles just be- 
low it resulted from stimulation. This was followed by a slight 
extension of the homolateial fore leg. (039, No, 26) Lightly 
touching the spot indicated elicited a sharply localized contraction 
of the musculature under the pad. Both fore legs were then sim- 
ultaneously flexed and pulled back toward the hind legs. The hind 
legs were brought up and at the same time extended with articula- 
tion at the hip joint. (D40, No. 28) Stimulation elicited a twitch 
of the muscles below the vibrissae pad. (D41, No. 29) Corruga- 
tion of the pad as a result of contraction of the muscles under the 
pad occurred as a result of stimulation. At the same time a slight 
toss of the head resulted and the fore limbs Were both slightly ex- 
tended, (D42, No, 30) Stimulating the point noted led to a jerk 
of the head up toward the stimulus which had been applied. No 
contraction could be elicited when, instead of touching the skin, the 
short vibrissae themselves were bent by the aesthesiometer, (D43, 
No. 31) Twitching of the musculature of the pad occurred to stim- 
ulation. The homolateral leg was brought up and brushed past 
the spot. (D44, No. 32) To a light touch there occurred a slight 
contraction, that is, corrugation, of the vibrissae pad. To a stronger 
stimulus, an extension of the trunk and an extension and elevation 
ef both fore legs occurred. (045, No. 33) Stimulation was fol- 
lowed by a slow twitch of the muscles under the vibrissae pad and 
by a very slight twitch of the fore legs. (D45, No. 33, F2) A 
twitch of the vibrissae pad, opening and closing of the mouth, and 
short convulsive flexion, synchronous with a lateral twisting flexion 
of the trunk, took place as a result of stimulation. (D46, No. 34) 
Stimulation led to a twitch of the vibrissae pad and to a slight 
flexion of the neck muscles so as to move the head away from the 
stimulus. The homolateral fore paw was brought up to the side 
of the face, but did not touch the exact spot stimulated. Following 
this, the trunk executed a series of writhing movements, (D47, 
No. 35) Stimulation of the pad was followed by movement of the 
lower jaw. A second stimulation, however, led to no movement. 
A third stimulus was followed by a slight movement of both fore 
paws. After this the stimulus hair was used to touch the vibrissae 
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without cominR nc.ir lltc skin at tlicir base. This sliniulntlon led 
to a rapid cxicnsioti u( the hoinolnlcral paw. On repetition of this 
stimulation, both fore limbs were rapidly extcndcti and by a quick 
movement bmuglit up to the nose. A third stimulation of the same 
sort led to very similar results, nllhoUKi) tlicrc was a greater latency 
of response time. Fnllowirii; this <;tiiiiulation tlie pad was again 
touched and the fore limbs were moved up. Thirty seconds after 
this stimulation of the pad of the vibrissne tlic fore paw was brought 
up to the side of the face. Tbe carpus was then flexed, and this 
mavement, together W'ith tlic limb flexion, led to a bruslung; of the 
cheek about 5 nim. from the point of stimulation. (D47, No. 36) 
Stimulation led to local movement of the muscles at the ba.se of the 
vibrissac and then to extensor thrusts of botli fore limbs. (D48| 
No. 37) Contraciinn of the miisclM below the vlbrissac pad with 
very precise locali’/.ation followed .siimulaliini. (D49, No, 39) Stim 
Illation led to c.\trcine flexion of the iicek, thus bowing the head al 
most to the chest, 'I'lifs was followed by an extcni^iuii and circum- 
duction of the hctcntlateral fore limb with marked flexion at the 
carpus so that the back of the paw brushed the c.\act point stimulated 
(due is, the vibri.uac pad on the side opposite to the relive paw was 
scrntclicj by that i^aw). After tin's die liomidatcral limb was raised 
and the paw brought into contact with the point .stinuduted. Dur- 
ing tills activity tiic hind limbs carried out rfiythmic "scratch reflex" 
movements. (D30, No. 40) Tocal contraction of lip and vlbrissac 
pad followed stimulation. Slight fure-paw flexion and mouth move- 
ment were also elicited. (D5I, No. 41) To n light tniich stimulus 
the mouth opened and closed and the tongue protruded. Tlic neck 
was extended so as to toss the head back and away from the stim- 
ulus. 13otIi fore legs were brought up and the paw so flexed that 
the exact point stimulated was brushed. The muscles underlying 
the pad twitched locally as a result of the stimulus. (D52, No, 42) 
Sharply localized contraction of the muscles under the pad took 
place. The tip of the nose was pulled away from the stimulus by 
the contraction of some of the facial muscles. On repeated stimu- 
lation a quick flexion of the fore paw took place. When grc.at care 
was exercised so that one or two of the vibrissiic alone weic touched, 
that is, slightly bent, a response of greater amplitude occurred than 
to actual stimuliitfon of the pad. This response included local raus- 
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cle reactions and fore-limb extension. (D53, No. 43) N. R. (D54, 
No. 44) Stimulation led to contraction, that is, corrugation, of the 
musculature below the pad. (D54, No. 45) Stimulation led to 
corrugation of the musculature below the pad. (D55, No. 46) 
Local contraction of muscles underneath vibrissae pad occurred to 
stimulation. Then followed wrinkling of the snout, a shake of the 
head, and a quick extension and eleyation of the paw so that it 
brushed the nose. (t)56, No. 47) N. R. (D56, No. 47, F2) Stim- 
ulation led to sharp contraction of the eyelids, vibrissae pad, and of 
the snout, and a pulling away of the head as a result of dorsiflexion 
of the neck. Fore-leg paddling movements with the legs gradually 
more and more elevated until they came nearer the nose were then 
executed. (D57, No. 49) Just perceptible corrugation of skin at 
base of the vibrissae took place to stimulation. (D58, No. 49) 
Muscles of the pad twitched to continued stimulation, although at 
first there had been no response. (D59, No. 50) N. R. (D60, No. 
51) No response occurred to repeated touch stimulus. A slight touch 
of the needle, however, led to a quick flexion and extension of both 
fore and hind homolateral limbs. Then, as a result of a virtual 
contortion , ' the knee of the homolateral fore leg was brought up 
to actual contact with the point stimulated. (061, No, 52) No re- 
sponse to light or heavy pressure stimulus. Slightest needle touch, 
however, led to a head shake, fore-leg exCersion, hind-leg flexion, and 
eventually adduction and elevation of the homolateral hind leg to 
the side. Mere touch of the vibrissae, however, after this response 
did lead to slight extension of the neck and extension and elevation 
of both fore legs, (D61, No. 53)N. R. (D62, No, 54) A slight 

lateral shake of the head took place, followed by a raising of both 
fore legs and a marked and maintained extensor thrust of the hind 
legs. (D63, No. 55) N, R. (D64, No. 56) No response to light 
pressure, but deep pressure led to flexion of the heterolateral fore 
limb, followed by a flexion of the homolateral hind limb, The same 
response was elicited by bending one or two vibrissae hairs. (D64, 
No. 57) N. R. (D65, No, 58) N. R. (D67, No. 60) To a 
single stimulus there occurred the sharp closing of the previously 
open eye. The mouth also closed, A localized pinna twitch then 
occurred, followed by a jerk of the head resulting from a quick ex- 
tension of the neck muscles. Both fore legs were extended, ele- 
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VBtcc!, and adducted, so that tlicy each brushctl the homolateral side 
of the nose. The hind Ic^s were adducted to the liclly. At the 
same time the ai'liolc cervical part of the trunk was circumducted 
without moving; the caudal trunk. A local enrrugation of the skin 
below the vibrissac pad was aUo noted. 

3. yibrissne Pad "}]" (Summary only). The responses elicited 
by stimulating this area were rciimrkahly like those secured in the 
protocol just given. CorruKation o( tlic pad appeared one day ear- 
lier (D38, No, 24), The protocols do nut give any strong reason 
to suppose that the wliolc vihrissne pad may not be cnnsidereil os a 
unified rcflcxogcnniis zone. Eye wink was, however, more frequently 
elicited and tongue movements somcsvliat less frciiiiently elicited by 
stimulating area 3 than area 2. 

4. Nostril. (D32, No. 13) Stiinulmion led to extension of tlicncck 

museJes and consequent upward toss of llic head. I’he hciid was then 
brought down and the Iminolatoral fore leg raised so that the palmar 
surface of the paw bnislicd tlic side of the face. A second toucli led to 
a slight upward movement of tiie fore limb toward the spot but this 
time it dill not touch it. 'lo a more vigorous touclj at the same spot a 
response occurred which included a sharp sudden lateral twitch of the 
fore leg, a lateral flexion of the trunk toward the stimulated side, and 
a flexion and adduction of the liomolatcrnl liind leg, A third stim- 
ulus led to a sharp Ifiter.'jl lltfA'loff al the itcck, thus jctkiiig the head 
away, wliilc both fore Icp; were raised and adducted exactly to the 
place of stimulation. (D34, No. 17) To a liglit touch stimulus 
the neck muscles were extended, thus pulling the liead upward, At 

the same time n slight backward kick of both hijid legs took place, 

Doth fore legs were extended, but the liomolatcrnl leg avas not only 
extended but also elevated and adducted to the face, so that the 
point of stimulation was brushed by the fore paw. Repeating this 
stimulus led to a repetition of these responses, but the movements 
were less in amplitude. (D35, No. 20) I'he hcterolateral fore 
limb was extended and elevated, but did not touch the point stim- 
ulated, A unilateral flexion of the trunk moved the licad away 

from the posture in whicli it had been when stimulated. Doth hind 
legs were flexed, (035, No, 19) Doth fore legs were raised so that 
both piwa enme in contact with the snout. (D36, No, 21) Stim- 
ulation was followed by neck extension and extension and elevation 
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cf both fore paws. Brushing movements over the snout were then 
carried on by both fore limbs, Flexion of both hind limbs and body 
writhing also took place. After a. period of quiescence without fur- 
ther stimulation both fore limbs were brouglit up in such a way that 
the tips of the digits were brought in contact with the inner surface 
of the lips. (D36, No. 22) Extension of the neck followed stim- 
ulation, thus jerking the head upward and away from the stimulus. 
(D37, No. 23) No response to slight stimulus, but continued stim- 
ulation led to a slight flexion of the neck and head, This was fol- 
lowed by continuous "scrubbing" movements with both paws par- 
tially flexed. This continued for some time and was in duration 
and thoroughness of "brushing" a novelty to the observers. (D38, 
No. 24) The homolateral limb was extended and adducted to the 
head slowly after stimulation. The limb was flexed at the wrist, 
and the digits were extended so that they came in direct precise con- 
tact with the exact spot that had been stimulated. (D40, No. 28) 
Stimulation led to the sharp lateral flexion of the neck, thus jerking 
the head away sharply in such a manner that the neck and body 
were almost at right angles. Extensor tonus in the fore limbs was 
maintained as they were brought up to the snout by a series of 
pushes, (D41, No. 29) The homolateral paw was brought up 
toward the nose after stimulation. The mouth then opened, the 
tongue was protruded and retracted rhythmically, and the head ex- 
tended. At the same time the homolateral hind leg was flexed and 
adducted to the belly. (D42, No. 30, F2) Stimulation led to an 
extension and elevation of both paws toward but not touching the 
nostril region. When the limb was thus extended, the posture 
was maintained and nose touclied by flexure at carpus. If right 
nostril was touclied, flexure was of right wrist; if left was touched, 
flexure was of left wrist. (D42, No 30, F3) On stimulation both 
legs were extended and sharply adducted so that the paws almost met 
behind the head, The digits were then slightly flexed and the paws 
scraped down touching both sides of the face all the way to the snout. 
(D43, No. 31) Circumduction of the head occurred while both fore 
legs were extended and elevated and then flexed so that the snout 
was brushed. (044, No. 32) No response followed light touch. 
Strong touch, however, led to an extension of the neck muscles and 
consequent backward toss of head which was followed by a twitch 
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of the fore legs. (D45t No, 33, Tl) No response even to repeated 
stimulation. (13+^, No. 33, F2) Neither response to touch nor at 
first to light touch of shflrp hccdic was secured. A second touch of 
the needle, however, led to an extension of the fure limb slightly 
Hexed at tile elbow and at the carpus and with pronounced (Icxutc 
It the digits, The limb in this pnslurc was raised almost to the 
tip of the nose hut not touching it. (D46, No. 34) Stimulation 
led to 7i twitch of the vihviwot yvaU, a wtiukUs\>; of the sooot, 7,i\ 
eye wink, violent flexure and rotation of the head so that the point 
stimulated was quick!}’ removed from the locus in which it had been 
stimulated, Violent altcrnniing paildlitig thrusts of both fore legs also 
took place, nnd after some seconds the trujik executed several dab- 
orfilc wrilhhig movcnieius whicii seemed to involve both lateral and 
dorsal flexion and cxtcn^^ioii. During the course of this activity the 
hind legs were brought up to the neck. (D40, No, 37) Twitching 
of the nnsalis muscles followed stimulation. 'Die linmulatcral fore 
leg was then cxtciulcd, elevated and adducted so that ns it was grad- 
ually Hexed the paw nibbed rigninst the whole side of tiic face. (D49, 
No. 38) Local movement of the nnsalis muscles which then seemed 
to spread so to include the lip ntid tongue muscles followed stim- 
ulation. 'I'lic tongue also executed local movements. The hetcro* 
lateral limb was then brought up so as to brush approximately tlic 
exact point stimulated, 'i'he liomulatcral liinh was then raised and 
then rubbed doAvn the whole side of the face. During these re- 
sponses the cRudnl region of the trunk was very active, and the 
trunk was so comjdctcly flexed that the hind limh virtually came in 
contact with the point stimulated. Following and during these re- 
sponses there was marked activity of the general somatic muscles, 
(D50, No. 40) Stimulation led to mouth opening; then the liorao- 
latcral paw was brought up toward the l)cad and then the neck 
muscles were extended so as to pull the head backward. This ex- 
treme body tonus was maintained for some time. (D51, No. 41) 
The hciid turned sharply away after stimulation and botli fere legs 
were brought up so that both paws brushed by the nostril. The 
trunk executed an "S" flexure, thus removing head from the locus 
of the stiimilus. This response initiated violent rhythmic trot move- 
ments of both fore and hind legs wliicli actuiilly propelled the ani- 
mal thTouglv the water as far as the vrmhilical cord would allow. 
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Mouth movements, tongue movement, and an eye wink also took 
place, On a second stimulation there was also much activity of 
trunk and limb muscles and this time both fore paws were brought 
up and held over the nostrils with flexed digits. (D52, No. 42) 
To a slight touch there occurred a toss of the head with accompany- 
ing trunk extension. On continued holding of hair in the nostril, 
the neck was flexed so that the head bent forward and all four limbs 
extended. The homolateral fore limb was partly flexed at the 
shoulder, elbow, wrist, and at the digits joints. Thus, the tip of one 
digit was brought directly to the point stimulated, (D53, No, 43) 
Digits of both fore paws flexed after stimulation. After second 
stimulation the muscles under the vibrissae pad and the nasalis mus- 
cle contracted. (D54, No. 44) A light touch led to a slight shud- 
der of the head with accompanying twitch of both fore legs and a 
dilation of the nostrils. To somewhat stronger pressure the head 
was flexed and turned toward the stimulus, the mouth opened and 
closed, and tlie homolateral fore leg brought up so that it brushed 
the side of the face. (D54, No. 45) Stimulation led to a slight 
flutter of the fore legs and, when tried again, to a dorsiflexion of 
the head. (D55, No. 46) Stimulation led to a dorsiflexion of the 
neck muscles, thus quickly raising the head and pulling tlie nostril 
away from the stimulus. This was followed by a strong extension 
of the trunk and by quick "paddling movements" of the fore limbs, 
Dvirlng this action there was a slight flutter of the hind limbs. (D56, 
No. 47, FI ) Eye wink and a small, weak upward extension of homo- 
lateral leg fallowed stimulation. This same sequence was repeated 
on a second application of the stimulus. (D56, No. 47, FZ) Stim- 
ulation led to a rotation of the head away from the stimulus. At 
the same time the heterolateral fore leg was brought up to and 
touched the side of the neck. (D57, No. 48) To the very lightest 
touch the eye closed and maintained the closed posture fer several 
seconds. At the same time the pinna quickly twitched and there 
was a slight extension of both fore legs. (D5B, No. 49) Stimula- 
tion followed by closing of the eye on the same side, flexion of neck 
muscles, and consequent head bowing, while the paw -was brought 
up near the head. In this animal, when the eye was open, any slight 
touch stimulus on any part of the head seemed to lead to closing of 
the eye. (D59, No. 50) Corrugation of the vibrissae pad and nostril 
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and a twitch oi all four legs followed stimulation. When the stimu- 
lus was given again, the iietcrolateral fore leg was raised toward the 
place siimulatccl. (D60, No. 51) Alter Btimillation the muscles 
of the side of tlic fnee contracted and paddling movements of both 
fore legs were initinted. The homolateral fore leg was not only 
extended hut elevated, so that the fore paw scratched the plnce thal 
hnd been stimulated. (D6i, No. 52) Head jerked nway sliarply 
to stimulnlion. Hotli fore legs were then tluust out and extended 
away from the chest. At the same lime the hind legs were flexed, 
and the homolatcral hind leg executed rhythmic scratching move- 
ments. (D61, No. 53) To stimulation the liead was turned away, 
The homolateral fore leg was broiiglit up to the side of tlic face 
and the houiulntcral hind leg was adducted so tlut with a twist of 
the trunk the whale fetus once pulled itself off the observing stand, 
(D62, No, 54) Rabbit-like movement of the nnsalis muscles fol- 
lowed stimulation, ns did a shake of the head and a slight abduction 
of fore paws. Eye-movements, pinna iwltcli, and lower-jaw move- 
ments also were recorded. (D63, No. 55) There was n localized 
contraction oi the muscles lying beneath the nose, Both fore paws 
were then brought up toward the nostril. Tins took place again and 
included a closing of the previously partly open eye and a movement 
of the limb with paw and digits cupped. This response led to touch- 
ing the spot that had been stimulated. Ho, 56) A twitch ol 

the nose muscle followed by an extenson of the lioinolatcral fore pnw 
with flexed digits and a flexed wrist. The limb was brought up 
definitely so tliat scraping post the point just stimulated was accom- 
plished, (DC4, No. 57) There was a loc.ilizcd twitch of the nasalis 
muscles mid a slight corrugation of the vibrissac pad following 
Btimulntion. (D65, No. 59) Light toucli Jed to n pronounced flexion 
oi the neck and consequently a pronounced dip of the head. This 
was followed by the extension of the homolatcral fore limb whicli 
wis brought up to the snout with the wrists and digits both flexed. 
The hind legs were flexed .'iiid adducted to the belly, (D67, No. 
60) The head turned away from the stimulus after a touch, and a 
pinna twitcli, eye wink, and r rapid thrust of both fore legs up 
against the snout also followed. 

5. Front T^ose (Sumnwry only). Altliouell the fore paw wns 
raised in tlic32-dny fetus (D32, No. 13, F2) no further response to 
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stimulation oi this area took plade till the 39th day, when a 
slight fore-limb flexion was observed. At this same age (D39, No, 
25, FI ) stimulation led to a wink of the lids of the still closed eyes. 
The eyes open typically on the 56th day. Corrugation of the vibris- 
sac pad, eye winlc, pinna reflexes, mouth, tongue, lip, jaw movements, 
all occurred at approximately typical times. In comparison with the 
nostril the responses released were weak and of small amplitude. 
Local response, save for the localizing movements of the fore paws, 
was absent. In the later fetal ages this area became less, rather than 
more, sensitive. In late stages even a needle stimulus sometimes 
failed to elicit response when applied here in an otherwise active 
animal. 

6, 7, a. 9, Side Face only). In 

general, these areas remained insensitive longer than the ones con- 
sidered above. In the case of die typical side face "B," save for a 
possible leg twitch at 37 days, the first real response occurred at 39 
days (No. 27, FI). In the same way, for about a week before nor- 
mal birth these areas again became relatively insensitive. In general, 
stimulation of these regions led to head and trunk movement, but not 
always so as to remove the head from the posture in which it was 
when stimulated. Limb movement was also released, but not nearly 
so frequently as in the case of areas 1, 2, 3, or 4. Corrugation of the 
vibrissae pad, eye wink, mouth movements, and pinna responses 
were also released, In general, the tendency to have any one oi these 
responses released was greater if the spot stimulated happened to be 
near the areas of the response. 

10. Direct Touch Stimulation of the Conjunctiva of the Eye 
(Summary only). In the observations recorded, the stimulus was 
applied directly to the naturally opened eye, and so not till the 56- 
day fetus (No, 47, FI) could the study be undertaken. Below, un- 
der number 73, the results of the photic stimulation of the eye are 
given. From the first fetus studied to the animal of approximately 
the age to be born two dominant responses were made. First, the 
eyeball moved in its orbit, and, second, the lids winked. As de- 
velopmental age became greater, the variability in the wink became 
more marked. Thus, at 62 days a scries of rapid winks are recorded 
(D62, No. 54) and a maintained “posture" of closure is recorde.d at 
65 days (No. 58). The wink of the open eye should be interpreted 
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in view of tlic wink of tlic closed eye trcjitcd next below. Beside 
these rcsfonscs there were some iiicliiciital trunk and limb move- 
ments, but on llic wliolc this area seems set apart fn)m the sur- 
roun.dinj' rcncxnKciious 2 (mcs. Only one pinna reflex, for example, 

Is recorded. 'I'lic speciid nature of the nerve supply to this area must 
he considered in interpreting these results. 

11. Lowir liye Lul. Ko. 13) Stimulation led to a 

twitch of the liomolatcral fore ley- With cmitinticd stimulation the 
same Icr was brnujilit up so that the paw touL-heJ with a brushing 
movement the side of the face. (1)32, No. 12) The lininolateral fore 
leg was extended after stimulation began and held in a posture with 
tile limb up near tlic face as long as successive stimuli at the rate of 
about one a second were applictl. (1)32, No. 14, F2) Stinuilation 
was follnwcd by raising and adduction of tlie (ore limb so that it 
seemed to come toward the point stimulated. (D32, No. 14, F3) 
N, R. (D3I, No. 17) Stimulation w-as followed b}' a sHglit twitch 
of the head. The homo, lateral fore limb was also brought up toward, 
the spot stimulated. A flexion at the carpiis occurred niter tlic limb 
was fully r.iiscd. (D35, No. 20, F2) The liomolatcral fore leg 
was brouglit up to the side of the face after stimulation. (1)35, 
No, 19, L''2) Stimulation led to n (|uick latoviil rexinn of the head, 
removing point sciiiudated from its prcvimis locus. (1)3.5, No. 19, 
r2) The (lumolatcral fore paw came up and touched the eye ns if 
to brush the stmuifus away. (f)J5, No. (9, FJ) Sinmilntion Icif to 
n quick lateral flexion of the head, acenmpanied also hy a flexion of 
the rump. This movement was such as tn bring the stimulus nearer 
the eyes rather than farther from it. (D35, No. 19, F3) Stimulation 
led to n contraction of the musculature of the closed lids and possibly 
of the eyeball iLself, It seems as though the observed movement 
might possibly be not so much a winking movement as a movement 
of the muscles attached to the eyeball. (D30, No, 21) Stimulation 
led to a sliglit continctioii of the closed lids with slight twitch of the 
liomolatcral fore limb. (D36, Nn. 22) N. R. (D.37, No. 23, FI) 
The animal was "spontaneously active," but stimuliition of the eye 
did not change this activity. (1)37, No. 2J, 1*2) A contraction of 
the closed lids followed .stiimilatinii, (1)38, No. 24) "Winkiiig" 
of the still unoiiencd eye ami apparent rctractiun of eyeball followed 
stimulation. There was also a twitdi of the liomolatcral foie paw. 
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(D39, No. 27) Stimulation led to a sharp, quick wink of the closed 
lid with maintained contraction. General bodily activity accom- 
panied this response. (D39, No. 26) Touching the closed eyelid 
elicited a movement whicli seemed to involve the c3Tball inside as 
vrell as a sure contraction of the still unopened lids themselves. Af^r 
Stimulation the contraction of the orbicularis muscle was maintained 
for some seconds. (D39, No. 26, F3) Stimulation led to a wink of 
the lids of the as yet unopened eye. (D40, No. 23) A wink of the 
closed lids and a sharp lateral flexion of the head away from the 
stimulus followed stimulation. Both fore paws were tlicn extended 
and abducted from the chest. (D41, No. 29 ) Stimulation led to a 
marked wink of the still closed lids and a twitch of the head. (D+2, 
No. 30) Stimulation led to a wink, that is, a contraction, of the 
orbicularis muscle, together with a twitch of the pinna on the same 
side. After several seconds this was followed by an extensor thrust 
cf all four paws and an extension of the neck, thus snapping the head 
up dorsally. (D43, No. 31) Repeated winking of the still closed 
eye followed stimulation. A slight extension of the fore legs was 
also noted, (D44, No. 32) To light touch there vras no response, 
but to continued strong pressure a wink of the closed eye occurred. 
(D4S, No. 33, ri) To a light touch no response was observed, but 
to heavier pressure a slow wink with somewhat maintained closure 
took place. (D45, No. 33, F2) A wink of the still closed eye fol- 
lowed stimulation. (D46, No. 34) An eye wink with somewhat 
maintained "posture" followed by several rapid winks followed 
stimulation. When the stimulation was repeated somewhat more 
strongly, the head was turned away and the homolateral fore leg 
brought up to the side of the face with digits of the paw flexed. The 
homolateral hind leg was also flexed and adducted to the side. In 
both of these cases a slight pinna reflex was noted. (D47, No, 35) 
Stimulation led to slight wink of the still unopened eye. (D47, 
No. 36) Stimulation was followed by a rapid flexion of the homo- 
lateral hind leg. The fore leg also moved toward the region of the 
stimulus. A repetition of the stimulus led to violent flexion of the 
neck and trunk and extension and adduction of the fore limbs so 
chat the homolateral paw touched the point stimulated. (D4B| No. 
37) There was an immediate contraction of the musculature of the 
closed eyelids and possibly a tnovement of the pinna following con- 
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trncH’on, (D49, No. 38) Contrnction of the muscle of both the 
upper nnil lower lids and u slinht e.xtcnsion ol the head and head 
shake followed stimulation. (I.H9, No, 39, r4) vStimiilation led to a 
contraction of the eyelids iml rotation of the head away from the 
stimulus. (1)50, No. 40) Kyc wink of the closed eye, pinna reOex, 
rnd quick thrusls of both fore paws followed stimulation. (D51, 
No. 41) Kyt wink of the closed eye followed .sliiniilatioij, (D52, 
No. 42) Cartt.rac.thm n( the t^tlll uw^^wl\t■.d luU, tollawed hy an. 
extension of the hctcndnicral and Immohitcral fore limbs, took place 
after stimulntian. 'I'hc liomolntcral limb was bruu^lu up almost to 
point slimulatcd. After this action the animal executed a series of 
complex muvemctils apparently involvitiR almost every muscle and 
joint of its body. (D53, No. 43) A wink of tile still closed eye 
followed stimulation. (I)54| No. 44) Stiinulntiun led to several 
rhytlimieally repented winks of tlic .still dosed lids, (DS4, No. 45) 
WinkinR of the closed eye rciiealed several times after a single stimu- 
lus. (D55i No, 46) Stimiilntion led to a wink of the still unopened 
eye nnd a diffuse contraction of all facial muscles. The homo- 
lateral liind lc(? was also fle.vcd and adducted so that the paw touched 
the shoulder. While in this posture it executed a series of rhythmic 
scratchc.s, (1)56, No. 47, FI) The eye is now open. Stimulation of 
the lower lid led to n closure of both lids ^vitli the closed posture 
maintained for a few Ecconds nnd then grailiinlly opened. (D56, 
No. 47, F2) Stimulation led to an eye wink involving both lids. 
(D57, No. 48) Closing of eye, with greatest activity in lower lid, 
followed stimulation. (D5H, No. 49) On stimulation both lids 
closed, the pinna rcBpondcd, and a sligiit trembling ol u\l four limbs 
was noticed. (D59, No, 50) To the lightest touch a series of wink- 
ings of the new open eye took place. The eye was maintained 
closed for a few seconds, then gradually opened. (D60, No, 51) 
Stimulation led to eye wink and maintained closure of the eye for 
several seconds, The stimulus was repeated witli the same result, 
only this time the hoinolatcral fore limb was brouglit up toward the 
face with flexion at elbow so as to execute a hriisliiiig movement on 
the face. (D61, No, 52) Eye wink to lightest touch took place. 
To n stronger stiinulus, both fore legs were brought up to the side 
of the face and tlicn flexed .so its to bru.sli it, 'Flic hind legs also 
twitched. (1)61, No. 53] 'I'o the lightest touch a wink of slight 
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magnitude not quite closing tlie eye occurred. To a stronger stimulus 
there was a repeated "flutter" wink. (D62, No. 54) Stimulation 
led to eye wink, The fore and hind limbs then executed a series 
of coordinated swimming movements which were sc effective that 
they removed the animal from the support on which it was resting 
under the surface of the bath. It was restrained only by the cord 
from swimming away, (D63, No. 55) Stimulation led to a tight 
closing cf the eye, which was maintained for over a minute, (D64, 
No. 56) Sharp closure followed a single stimulus. Two winks, 
typical "palpebral reflexes," resulting from a single stimulus took 
place next. (D64, No. 57) Stimulation led to dosing of the eye. 
(D65, No. 58) The stimulation led to an eye wink and then after 
about a second a vigorous sliake of the head. This was followed by a 
violent response involving homokteral and hetcrolateral fore- and 
liincl-limb trot movements. (D67, No. 60) Stimulation led to n 
rhythmic eye winking, A slight turning away of the head was also 
noted. The homolatcral hind leg was flexed and adducted to the side 
and then executed a scries of scratch responses. The homolateral 
fore leg was brought up to the neck. 

12. The Upper Eyelid (Summary only). In general, the protocol 
given above under 11 also applies here. More pinna responses, how- 
ever, were released. 

13. ifroiy (Sumtnary only). No response to stimulation resulted 
until the 40th day, when in a fetus (No, 28, FI) a wink of the still 
unopened eye and a pinna response occurred. These two responses 
were typical of all the responses elicited in this area. Some limb 
and trunk movement occurred, but taken as a whole this seemed to 

be incidental. One litter at 63 and two at 64 days gave no response 
at all to tills form of stimulation. Although on the head and in a 
region that because of morphological prominence receives much ran- 
dom stimulation, this area seems relatively insensitive. 

14. Crotun (Summary only). This area is possibly about the 
least sensitive cutaneous zone of the organism. More than half of 
the forty fetuses which were stimulated in this region gave no 
response to the touch stimulus and some active fetuses did not even 
respond to needle stimulation when it was applied here. The typi- 
cal response of those which were given was a quick twitch of the 
head. Palpebral and pinna reflexes were also elicited, as were, in 
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certain mstaneci, limb end trunk movcinciilJi. The difFcrcnce be- 
hveen the poverty nf responsive behavior released by this area and 
tlio rlclincss of behavior elicited by the stimuhtinn o( the concha, 
next to be considered, is renarkahle. 

15. (hncha, (Fur earlier rcspcinKe .see pace 357.) (U34, No, 

17) A lateral ncxlun o( the head away Irom the point stimulatcii fol- 
lowed the first touch, The lidniiilalcral liliiil lei' was flexed and both 
fore legs were slightly Lwilched, Later the humolatcral fore leg 
was brought up so that the paw on that leg brushed the side of the 
face. (D35, No. 20) A flexion of tlic luinhnr .scginonls of the back 
raised the rump toward tlie iinint stimulated. The head was ro- 
tated and the lioinnlateral hind leg Hexed and adducted to the 
belly. The honuilatcral fore leg was adducted to the neck. With 
repeated stlniidatinn there ^vas a repetition of the movemeiits just 
noted. (D36, No. 22) Stimulation led to a t\vitcli of tliu pinna 
and an extension of the neck, serving to produce an upward thrust 
of the licatl, (1^37, No. 23, FI) A sligiit Uteral Hexion of the 
trunk correlated udth a twitch of liorli fore paws followed stimul.a- 
tion. On a sccoiul stimulation there was a slight rotation of the head 
to one aide and a sharp jerk of bolU fore paws. 'I'hc rc.sult of this 
response was a movement of the car .aw.ay from the posture it had 
been in when it was stimulated. (037, No, 23, F2) L.atcral flexion 
of the neck and trunk, thu« moving the car away from the stimulus, 
occurred ns a result of a light touch. (L).IH, No, 24) Stimulation 
led to ft slight lateral trunk fluxion Mdiicli wa.s accompanied by a 
raising of the rump on the honiulateral side. Doth fore legs twitched 
and the liomolatcral fore limb wa.s carried aern^^s the clicst to the 
hcterolatcral side. Tlicre vvas no indicjitioii of “lucnlization" in these 
limb mo\’crTicnts, Wlicn stimulated again in the same spot the 
only response w;is a lateral shake of the hc.ad. (D39, No. 27) Defi- 
nhe elevation am! depression of the jaw, lateral head shake, violent 
flexion .and extension of all four legs followed stimulation. Lateral 
sigmoid flexure of the trunk also took place, after which the homo- 
Utcral hind leg was flexed rvnd adducted to the side. When tlie hair 
stimulus was held persistently in the cencha the animal s(iuirincd 
and turned both body and head, as if to rid Itself of the stimulus, 
(D39| No, 26) Stimulatiuii led to n contraction of the pinna as a 
■whole. At a later time this rc.sponsc Wia.i also observed to occur 
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“spontaneously." (D39, No. 25) After stimulation the left hind leg 
was flexed and adducted toward the side. The fore leg was also 
extended and raised part way, but not so as to touch the spot stimu- 
lated. (D40| No. 28) With very slight stimulation a pinna twitch 
was observed. With rather strong stimulation the head was rotated 
toward the stimulus and the homolatcral hind leg flexed and ad- 
ducted to the body. Beth fore legs were extended, but the homo- 
lateral Jlmb was also elevated and adducted so that its paw touched 
the face. A lateral flexion of the trunk and a movement of the 
mandible were also recorded. (D41, No. 29) Stimulation led to a 
slight Literal shake of the head. The neck was flexed and then the 
dorsal flexure passed down the whole back of the fetus. A sharp 
twitch of the homolateral hind leg also took place. (D43| No. 31) 
Stimulation led to a quick rotation of the head away from the stimu- 
lus, a contraction of the pinna, a wink of the eyelids of the still un- 
opened eye, and a scries of rapid paddling movements of both hind 
and fore legs. The trunk also was laterally flexed. (D44, No. 32) 
Light touch led to the contraction of pinna only. But continued 
strong stimulation elicited a slight writhing movement of the trunk 
with a bending of the rump in direction of stimulus. There was 
also a slight flexion of the homolatcral hind leg, (D45, No. 33, 
FI) N. R. (D45, No. 33, F2) A slight extension of the neck led 
to an upward toss of the head. At the same time the two hind legs 
were extended away from the body and the trunk flexed so as to 
remove the head from the position in which it had been when stimu- 
lated. (D46, No. 34) No response to n single touch, but when 
the stimulus was maintained inside the concha for some time a lateral 
flexion of the lumbar segments of the back raised the rump laterally. 
This flexure then became even more marked as the hoinolateral hind 
leg was flexed and adducted toivard the car. The neck was also 
flexed so that head, trunk, and rump made a perfect “C." The fore 
legs were extended and adducted to the head, but did not touch the 
ear at first, but with continued stiraulation the paw of the homolateral 
fore leg did brush the face. At this time the limb was flexed at the 
carpus and digits. At a later time to the same stimulus the homo- 
lateral hind leg was brought up sharply and executed a series of 
rhythmic scratch movements which did not, however, touch any part 
of the animal, (D47, Na 35) Stimulation led to a contraction 
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oj the lids of the still unopened eye and a corrugation of the muscles 
under tlic pad oi the vibrissac, {D47. No. 36) Stimulation led to a 
twitch of the hind leg anil also a contraction of the pinna, Lateral 
flexion of the trunk niid elnborale paddling movements of both fore 
and hind legs followed stiimilalion. (I)4H, No. 37) A slight pianci 
twitch followed first siiinulation. Then a sudden unilateral bending 
of the rump took place wliicli raised the rump and hind legs toward 
the surface of the water anil away from the supporting stiiiul. (D49, 
No. 38) No response to light inuch, hut to continued stimulation 
first the muscles of the ear contracted and tlicn the homolatcral 
fore limb was extended and adducted with the digits of the paw of 
the limb held in a maintained flexure. The paw was thus mechani- 
cally "hooked" bclihul the car where it remained for several seconds. 
The paw then slipped down, actually forcing the stimulus liair away 
from the point which it was toucliing. During this procedure tlic 
homolatcral hind limb was adducted and extended toward the point 
stimulated, Save for the fact tliat It hcciuuc inecltanically caught in 
the cord, it would presumably also have been adducted so as to touch 
the point stinuilaicd, (D49, No. 39) Sliinulatlon wa.i followed by 
an extension and adduction of the liumnlnternl fore limb so that 
later the paw of this limb brushed past the point stimulated. There 
was also much general activity of tlic fetus during this response. 
(D5Q, No. 40) The head wns rotated slightly after stimulation and 
then with a minimum of other body jnovcnictit.s the homolatcral leg 
wns broiiglit up so tliat the digits of the paiv cupjrcd (i.e., flexed) 
over the stimulated condia. The pa>v then bnislied on down the 
face and back to its resting place. After an interval of rest this 
stimulus was repeated, A shake of the head, a pinna reflex, and n 
flexion of both hind limbs took place, ,In this flexion the homolatcral 
limb was more involved than tile hctcrolatcral limb. An extensor 
thrust out into the bath and away from the body also took place in 
both forelegs. (D5I, No, 41) Stimulation led to a pinna contrac- 
tion and to n shake of the licad. The stimulus was repented and the 
homolatcral fore leg was brought up to the base of the car. Later 
the pinna contrivcicd niul the homolatcral hind leg was flexed and 
adducted; it then executed a series of rhythmic .scratches. The head 
wna also given a quick lateral shake, (U52, No, 42) Lateral 
flexion of the neck and trunk took place after stimulation. The 
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homolateral hind limb was sharply flexed and the foot became caught 
in the umbilical cord, This limb, however, executed a series of 
rhythmic "scratch responses" when held in this posture. Soon the 
homolateral fore limb was adducted to the point stimulated and 
then the homolateral hind limb, now free, actually touched the 
point stimulated. When the hind limb was held by the experimenter 
so that it could not touch the point stimulated the homolateral fore 
limb was adducted so that its paw touched the stimulated region. 
(D53| No, 43) A combined lateral and dorsal flexion of the neck 
"twisted" the head away from the point stimulated, A strong exten- 
sion of the whole back then took place which was followed by alter- 
nate paddling gf the fore legs and by a flexion and adduction of both 
hind legs to the belly. After this the whole trunk continued a 
series of writhing flexures. (D54, No. 44) Response of the muscles 
of the pinna followed stimulation. Upon more violent stimulation 
there was a slight adduction of the homolateral fore limb to the 
head. (U54, No, 45) Stimulation led to local contraction of the 
musculature of the side of the face. (D55, No. 46) Stimulation was 
followed by a lateral shake of the head and by a marked flexion of 
the whole back, The homolatcral hind limb was now adducted and 
elevated so that the nails of the digits actually entered the concha, 
all the while executing scratch responses. After relaxation the 
homolatcral fore paw was raised to the same point and executed 
brushing movements. It must be obvious that in order to bring about 
the successful scratch of the car by the hind leg the lateral flexure 
of the trunk into a "C" form had to be maintained, (D56, No. 47, 
FI) Stimulation led to closing the now open eye, lateral flexure of 
the head away from the stimulus, a pinna contraction, and an upward 
and outward thrust of the horaolateral fore leg. After an interval 
of rest the stimulus was again applied and similar responses re- 
corded. (D56, No, 47, F2) A liglit touch led to a contraction of 
the lower part of the pinna. When the stimulus was given again 
the eye winked. When the pressure was made greater the head was 
rotated toward the stimulus and both fore legs were extended. The 
homolateral hind leg was flexed and adducted to the shoulder, where 
it executed a rhythmic scratch movement. This movement brought 
the digits of the paw almost but not quite to the point stimulated. 
(D57, No. 48) A slight touch led to a local contraction of the 
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muscles about the point stlmulntcd. This response was followed 
by a toss of the IicnJ bnekwnre], On continued stimulation the neck 
was cxtciitlcil and the licnd thrust hack. The car mLisclcs sharply 
contracted nnd lateral mid doisal flexions of the trunk took place. 
The fore pFiw waa tlicn lilted toward tlic point of stimulation and 
the hind limb flexed and adducted so ns almost to toucli the point 
Blimulateil, (D58, No. +9) Stimulation led to a pinna response 
and eyeball inovcnicnLs. (U59, No. 50) n’o a very linlit touch stimu- 
lation a cuntrnclinit of the pinna and the musculature surrounding 
the concha look idacc. The eye also winked. A flapping of the 
opposite pinna was also observed tii he of greater nmirlitiidc than the 
reaction nf the one .stimulated. On second stiimilatiun the head was 
shaken laterally as if to toss oil the stimulus. On stronger stimula- 
tion tlic licad was again shaken and tlic licterolateral hind leg wni 
adducted to the side nnd the honiolatcral fore leg extended nnd 
adducted to\Ynrd the ear. Wlwii the stimulus stopped the leg re- 
laxed, On continuing the stimulus the head twisted .and bent down, 
and the lionuilatcral fotc leg was raised so that it touched the car. 
At the same time the honiolatcral hind leg was flexed niid adducted 
and brought up near to b\i( not touching the car. ICyc wink and 
pinna twitches occurred freciuciuly aiui the limbs rvcrc flexed nt nil 
joints. (D60, No. 51) Stimulation led to n fluxion of the whole 
back and especially of die neck, so that the licnd was tlini.'it down, 
The runiji was then pulled up laterally nnd tlic liumolntcral hind 
leg brouElit up so tliat the nails of the iligits rhythmically scratched 
the concha. (D61, No. 52) A lateral flexion of the lumbar seg- 
ments of the back raised the rump and a similar flexure in the 
neck produced a true lateral "C" pusturc after stimulation. The 
liomolatcrnl hind leg was then adducted to die head and the digits 
so flexed that the inside of the car was tliovoughly scratched. After 
this posture had relaxed, the liumolntcral fore leg was brought up 
and brushed by the car. (D61, No. 53) Stiimihition led to scvcrnl 
twitches of the pinna, n sliakc of the head, anil a forward jerk of 
the body, At the same time the humolntcral liind paw was brougiit 
up toward the car and later the s.imc movement ^v^ls executed by the 
honiolatcral fore paw. (D62, No. 54) Vigurous, repeated, llvutcr- 
likc shake of head followed stiiuiilutiuii. Alter this resiioiisc rliytli- 
mic "swimming" movements took place involving all four J/inbs. 



BEHAVIOR IN THE PRENATAL GUINEA-PIG 


383 


It was impossible to tell whether or not all limbs were s^'nchronizcd, 
and unfortunately It was not photographed, (D63, No, 55) A sharp 
shaking of the head followed stimulation. One of the eyes which 
had been closed was opened and the homolateral fore paw was raised 
to the face. The pinna twitched and then the fore limb was again 
brought up, but this time it accurately localized the place stimulated. 
The liomolateral hind leg executed a continued '^scratch response” 
during the last movement. (D64, No. 56, F2) Stimulation led to a 
slight twitch of the head. This was followed by a movement of the 
homolateral limb such that by means of articulation at shoulder, 
elbows, wrist, and digits the digit tips moved over the concha with a 
brushing movement and then back to the original posture. Tremor- 
like reflexes of pinna took place frequently. (D64, No. 57) Local 
responses of the car were observed to follow stimulation. Then both 
fore legs were sharply flexed and the abdominal wall retracted con- 
vulsively. (D65, No, 58) To a very light touch a localized pinna 
reflex took place, With a somewhat stronger and maintained pres- 
sure the neck flexed, thus dipping the head toward the chest, and 
both fore legs were flexed to the belly at first, but then the homo- 
lateral hind leg was brought up to the head, where it scratched the 
ear, the head being flexed laterally, as it were, to meet it. With 
continued strong stimulation the homolateral fore limb was raised 
to the face, where it executed brushing movements, but did not touch 
the ear. (D67, No. 60) With a single touch, the head rotated 
away sharply, the eye winked, a pinna response took place, and the 
homolaterai hind leg was brought up slightly. With continued 
stimulation, however, the homolaterai hind leg was flexed, adducted, 
and finally elevated up over the shoulder, and the head so turned in 
the direction of the paw that a rhythmic scratch of the ear was 
executed. 

16, 17, Phma "A” and Pinna "B” (Summary only). Stimu- 
lation of both these zones led to very similar results. The first 
response was in a 32-day fetus and involved a lateral flexion of the 
trunk. As fetal age increased, stimulation released limb and trunk 
movements, Some of the limb responses definitely touched the spot 
that had been stimulated. From the 35th day on to normal birth 
the characteristic response to stimuli applied in either of these areas 
was a contraction of the whole pinna or, in certain instances, of the 
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pinna for a lew tnm. aroimd the locus of the point touched. Eye 
wink was also elicited by .stimulation uf these areas in a number of 
eases. 'riicsc areas arc inicrcsting in that they demonstrate the 
presence of a definite reflex and aImi in the fact that, while the term 
''pinna reflex" or Trcycr's reflex is used extensively in the literature, 
it is itself subject to varintinn. Careful analysis would probably show 
time in hnrilly any two fn&innces are the nctiial "responses" of this 
supposedly unitary reflex klciuical. The most delicate motor re- 
sponse that the present writer has ever seen in a t^uinca-pifr fetus 
was a response of Fetus 1 of Animal 48 at 57 days to .stiinuliiion at 
spot "H," Here only tlie faintest flicker of a response occurred in 
the extreme outer tip of the pinna, hut tinm relations indicated that 
this was uiulouhtcdly n response Involving liic central nervous sys- 
tem and not a direct muscle response. 

Ifl, Neek Feiilrul (Summary only). Stimulation of this zone 
led to diverse responses, o( which the must typicnl seems to linvc 
been the flexion of the nccic so that the head u'os bowed toward the 
chest niul the lifting of the Immolateral (ore leg, After the 43rd 
day local contraction of the musciilniurc underlying the point stimU' 
Inicd occurred. I'lus may be called a punuiculus carnosus reflex, 
In the last week before birth there were a number of fetuses in 
which neither pressure nor needle stimulation nt this spot elicited 
response. 

19. Neek Dorsal. (Summary only). I'his area was relatively In- 
scnsitivCi ns judged by the vigor of the movements which it elicited. 
At first on stimulation this area released trunk and especially neck 
responses. The latter were probably dominantly extensions. Local 
skin contraction was also almost a constant element after the 39tli 
day. In n number of Instances stimulation of this spot released 
pinnn reflexes and eye winks. In general, tliis area dues not seem to 
have the same "significance" for the behavior of the animal that is 
possessed by, for example, certain uf the licatl zones. 

20. Side above Shotilfler (Summary only). At 34 clays the first 
response recorded for tin’s area was an cluboratc movement of the 
homolfttcral fore limb which involved a movement of the shoulder 
girdle. At 39 days a local muscle response was noted ns occurring 
just below the jioint stimulated. From this day on, this skin response 
bcciunc something of a constant. There can be nu doubt that this 
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point of stimulation led to more shoulder movement than had been 
seen before. Incidental head reflexes, hind-limb scratch reflexes, and 
general trunk responses were also elicited. 

21. Back above Shoulder (Summary only). The general pat- 
tern of response elicited from this zone was similar to that of number 
20 just considered. This region was less sensitive, however, as 
judged by behavior. In fetus after fetus the only response elicited 
by stimulation here was a local skin corrugation or a shudder and 
a twitch of the trunk. In certain instances, however, definite limb 
and head reflexes were released from this area, 

22, 23. Side Back "A" and ‘‘B‘’ (Summary only). These 
two areas, as well as number 24 which is considered below in full, 
seemed to release very similar responses, In both areas trunk move- 
ments as well as occasional limb flexions were elicited. The most 
characteristic responses of the area, however, were the local skin 
reflexes which were very regular and well localized. In general, these 
areas may be characterized as relatively insensitive. 

24. Side Back "C/' (D32, No. 13) N. R. (D34, No. 17) 
N. R. (D36, No. 22) N. R. (D3Q, No. 24) A quick lateral 
flexion of the rump, accompanied by a twitch of both hind and fore 
limbs follovi^ed stimulation. Later the fore limbs were extended 
and adducted so that they touched the face. (D39, No. 27) A 
skin twitch, which rippled caudally, followed stimulation. (D39, No. 
26, r4) Stimulation elicited a lateral flexure of the lumbar seg- 
ments of the spine away from the stand which supported the fetus. 
(D40, No. 28) Stimulation led to a skin twitch near the point of 
the touch. (D41, No, 29) Local skin contraction and raising of 
rump followed lateral flexure of the lumbar spine. (L42, No. 
30) Stimulation led to a local skin contraction which spread by 
ripples of corrugation almost to the head. A lateral bending of the 
lumbar segments of the spine also took place. (D43, No. 31) 
Stimulation was followed by a slight unilateral bending of the lum- 
bar spinal segments, thus lifting the rump away from the supporting 
stand. The skin was also corrugated at the point of stimulation. 
(D44, No. 32) There was a unilateral bending of the lumbar spine 
and wrinkling of the skin following stimulation. The heterolateral 
leg was extended and there was a slight flexion in the homolateral 
hind leg. The same response was given to a more intense stimulus, 
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(D+5, Ko, 33, F2) A light touch led to a slight flexion of the rump 
so as to lift tlic fetus up from the lupiHirting stnnil. The skin was 
also comigatccl near tlte point ol stimulation. (D46, No. 34) A 
local coriugntion followed by ripi»li‘t»K of the skin in a cephalic 
direction occurred. No. 37) A skin response took place at 

tlic point stimulated. (D49, No. 38) The iliigh w.i« so flexed alter 
stimulation ns to change the shape of the musculature immediately 
hcircnth the point stimrihued. A tuss of the head and a jerk nf the 
lioinoiatcrnl fore limb also took place. (1)50, No. 40) The homo- 
lateral hind leg w.is flexed at the hip and the knee lollDwing stimu- 
lation. A general flexion of trunk muscles then took place, bowing 
the animal together. (L)5I, No. 41) With cuiitiiuicri .stimulation 
the hind lejrs were flexed and adducted to the belly. A slight lateral 
flexion of the lumbar region of rite back and a movcmcin of tlic 
fore legs and head followed siimulniion. (1)52, No. 42, FI) No 
response occurred to light pressure; bm to deep pressure a lateral 
ncxion of tiK trunk was recorded witli bending up of the lumbar 
region away from the support. A aliuhl extettsimi of the homo- 
lateral fore and hind limbs also took place. (1)52, No. 42, F2) 
A stimulus similar to that just recorded led to exactly the same 
response as that recorded for Fetus 1. (1)5.3, No. 43) Stimulation 
led to a local twitch of the .skin w*licn the .sliiniiliis liair was hnidicci 
over this point. 'There urns tin respon^in to .single*ttiuch stiimilalion. 
(D54, No. 44) A single couch led to no response. Stroking stimu- 
lus led to an cxtcnBWti of the spinal segments in the lumbar region. 
(D5+, No, 45) N. R, (D5.5. No. 40) A jdight iwitch of all four 
paws followed stimulation. (1)50, No. 47, Fl) N. U, (D56, No. 
47, F2) A strong pressure sliimilus led to n strong back^vard thru.st 
of both bind legs and an upward stretching inovcinciit of the an- 
terior part of tlie body. Tlicrc svas no response to a slight touch. 
(D57, No, 40) N, U. (P58, No. 49) A twitch of the leg on the 
same side fallowed by a slight flexion of the leg on the other side 
followed stimulation, (D59, No. 50) No response took place to 
11 touch or to stroking, but to deep pressure a strong outward kick 
of both iiind legs took place. A slight upward extension of the 
head and twitcliiiig movements of both fore legs .also occurred to this 
stimulus. (D60, No. 51) No rcspoiisic coulil be eliciteil to pres- 
sure or to a needle, although the animnl was otherwise active. (D61, 
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No. 52) No response was given to touch or pressure. To vigor- 
ous needle stimulation the fore legs were slightly extended and a 
flutter of the flexed hind legs took place, Jiump twisting then oc- 
curred and the homolatcral hind leg executed a scratch response, 
(D62, No. 54) Stimulation led to hlnd-lcg extension and a slight 
body extension. (D63, No. 55) N, R. (064, No. 56) N. R. 
(D65, No. 58) N. R. (D67, No. 60) N. R. 

25. Side Back "D" (Summary only), This area is very simi- 
lar in the responses which it releases and in its slow rise of sensi- 
tivity and its loss of sensitivity to area 24. Here, however, local sfcin 
responses during the active period were noted. In one fetus of 57 
days (No. 48) stimulation led to a rapid, rhythmic series of prema- 
ture breathing movements (Alilfeld's movements). During the 
last week of fetal life this area was, with minor exceptions, abso- 
utely insensitive to touch or needle stimulation. 

26. Rump (Summary only). The responses which were re- 
leased when this area was stimulated were different from those 
elicited by tlie four adjacent areas just considered. This area, when 
stimulated, was more effective in calling out responses. Stimulation 
here led to many trunk movements, most of which were extensions. 
Limb movements, predominantly but not exclusively of the hind 
legs, were also commonly elicited. No local skin corrugations were 
observed in this area, 

27. Hip (Summary only), Stimulation of this region was effec- 
tive in bringing about response in a 32-day fetus (No. 13). This 
response included a flexion of the hind limbs which proved to be 
the most typical response to stimulation in this area. It was also 
the dominant response at 65 days (No, 58), Trunk movements 
and even head reflexes were also elicited by stimulation of this area, 
but it was apparently dominantly concerned with the hind limbs and 
especially with flexion of the homolateral hind limb. 

28. Anus Area. (034, No. 17) N. R. (D35, No. 20) Stimu- 
lation was followed by a slight movement of fore and hind legs. (D36, 
No. 21, F2) Stimulation was followed by a drawing in of rump 
with an extension of botii hind legs sind a pulling together of the 
thighs so as to “protect” the region stimulated. (D36, No. 22) N. 
R. (D37, No, 23, FI) Stimulation led to a slight jerk of the rump 
followed by rather gcneial body and limb movements. (D37, No, 
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23, P'2) N. R. (D3B, No. 24) A retraction ol the muscles of the 
anus area vvi'tli an extcnsinn of both hind limbs and a flexion of the 
rump so that it curved In toavnrd tht belly occurred. (D40, Mo. 
28) The anal iniisculiiturc \vn.s sharply constricted, the rump curved 
in, mid the kind 1 cr,s flexed imd adducted to the chest. The lore 
legs M'crc ilicn flexed, so that fore and liind legs came in contacC, 
(D4J, No. 29) A quick and violent retraction of rump so as to 
pull the anal opening in hclwcen the hind legs followed stimulation. 
(D42, No. 30) Stimulnting the anal region elicited nn expansion 
and then a constriction of the muscles immediately surrounding the 
anus. (D43, No. 31) Stimulation led to a sudden contraction of 
the anal musculature inward toward the umbilical cord. A slight 
inovcmciit of the hind legs also took place, (D44, No. 32) To stimu- 
lation the muscles around the nnus contracted and relaxed, produc- 
ing first nn opening and then a closing. Stronger stimulation led 
to both hind legs being strongly Hexed and adducted sc that the 
thighs came to cover tljc area of stimulation. (1)45, No. 33, F2) 
A sharp extension of butli hind legs and a slight twitch of the anal 
musculature followed siimulatiuii. (D40, Nci. 34) Stimulation led 
to the liomobter.il hind leg licing pushed against the ventral ab- 
dominal musculature and maintained there. 'I’hc rump and anal 
musculnturc then "curved in," The head was also flexed laterally 
in the direction of the stimulus and the ImmolatcrnI fore kg brought 
dovyn so that It touched the hip. On icstiinulation a palpitating con- 
traction of the anal musculature took place, accomp.micd by an 
extensor thrust of both hind legs. (n47| No. 35) Stimulation led 
to a long series of movements, in which much of the body cooperated 
and in which both "beds" were brought up toward the point of 
stimulation, (D4S, No. 37) A quick sliarp contraction of the 
musculature around the anal region followed stimulation. A curv- 
ing in of the rump and flexion of the hind legs also took place. 
(D49, No. 38) Stimulation led to the rump's being pulled in, the 
hips thrust hack and pulled together, tlius quite effectively protect- 
ing the area from further stimulation- The fore limbs and neck 
were also extended, (D50, No. 40) Stimulation led to the body's 
being contracted together until it seemed like a sphere. The rump 
was then pulled in under the hind legs; the liamuliitcral hind leg 
next contracted and rotated laterally, so ns to bring the sole of the 
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foot against the point stimulated. (D51, No. 41) A light touch 
led to rhythmic pulsating contractions of the surrounding muscula- 
ture. To continued stimulation a dorsal flexion of both hind legs 
and curving in of the rump took place. (D52, No. 42, FI) No re- 
sponse to touch stimulus. Xo continued rather strong stimulation, 
however, a. twitch of both hind legs and especially of the right hind 
leg took place. This w^as followed by a jcrlc of the body and by 
local contraction of tlic musculature about the anus. (D52, No. 42, 
F2) To light pressure a pronounced contraction of muscles around 
the anus took place. The musculature of the rump was then 
"pulled in." (D53, No. 43) Stimulation led to an active constric- 
tion and then dilation of the muscles surrounding the anus. (DS4, 
No. 44) Touching led to no response. Continued stroking, how- 
ever, was followed by pulling in of the anal area with a flexion and 
adduction of both hind legs to the body. (D54, No. 45) Stimulation 
led to a simultaneous backward thrust of both hind legs and a 
contraction of tlie musculature in the region stimulated. (DS5, 
No. 46) Local contraction of tlie muscles around anus followed stimu- 
lation. Contraction of the general rump musculature and pulling in 
of the rump between the legs with clamping together of the heels 
and feet of both hind limbs so as to "protect" the area also, followed 
stimulation. The homolateral fore limb then extended, the neck 
muscles also extended, and the head was raised and maintained in 
the posture noted. (D56, No. 47, FI) Contraction of the anal 
musculature followed stimulation. A slight backward thrust of 
both hind legs followed. On repetition the musculature of the anal 
area contracted, but the limbs did not move. (D56, No. 47, F2) 
Contraction of local musculature followed stimulation. A slight 
flexion of the homolateral hind leg also occurred. (D57, No, 48) 
A local contraction of the muscles around the anus was followed by 
a pulling together of the hips and curving in of rump so as to "pro- 
tect" the area. This movement was accompanied by slight lateral 
bending of the rump away from the supporting stand. (D59, No. 
49) Stimdlation led to a contraction and pulling in of the muscles 
surrounding the anus. At the same time the rump bent inward. The 
spine was then flexed, both fore legs were flexed, and the hind legs 
extended so that the paws almost touched. A vigorous stretch of 
both hind legs and even more extreme flexion of the neck then took 
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place. (D59, No. 50) Stimulalion led to a vu>l(int outward thrust 
0 / both liind Icf^s and a dunce in the iniisclcs of the anal region. 
Repeated stimuhition led to the same response. A very liclit touch 
led to nn opening nf the nnni nrea without any correlated hind-limb 
kick. (1)60, No, 51) Stimulation led to local muscle contraction 
which was /ollowcd hy a sliglit extension of the liDinnlatcral fore leg. 
A needle stimulus led to a more vigorous rc.sponsc which included 
alternate natldling nuivcmouts of the haul limbs, a curving in of the 
rump, and a slight extension of both fore limbs. (1)61, No. 52) 
Sttmulatiun led to a contraction of the anal musculature. A needle 
stimulus led to a slinip flexion and Ininging: togctltcr of botlt hind 
legs as if to protect the region stimulated. (D61, No. 53) Sliimila- 
tion was followed by an c.Mensor thrust alternately of both hind legs, 
A Iwitcli of tile muscles about the anus also took place. (1)62, No, 
5+) Local contraction of the musculature followed stimulation. Then 
there was a sharp synchronized backvranl thrust uf both hind legs and 
alternate paddling of the fore legs and an upward thrust of the head 
occurred. (D63, No. 55) A ipiick localized abduction and then 
adduction of the hoiunlatcral hind leg look place after stiiiiiilatian, 
(D65| No, 56) Stimulation led to a cimtractioii of muscles around 
the anus and nn accoiniianying extrusion of the orifice of the anus. 
(D67, No. 60) Stimulation led to a slight twitch of the muscles 
about the anus, 

29, K)iee (Suininary only). At /ir,?t this area was relatively in- 
sensitive, as judged by the behavior released from stimulating it, 
Later it led to movement of tlie stimulated limb, sometimes exten- 
sion, sometimes flexion. In certain instances the digits of the limb 
were either flexed or extended, usually In liarmony w'ith the dominant 
movement of the limh. In several instances local skin twitclics re- 
sulted from stlmuktion, 

30, Leg [Summary only). This was n relatively insensitive 
area. It did not become able to release behavior until 35 days and 
again lost it some time before birth. T'Jie dominant movements were 
of the stimulated limb and of the hctcrolatcnil hind limb. Like 
area 29 stimulation here also released some local skin responses. 

31, 32, Foot "/I" (iiirl "U" (Suinm.iry only), In both of these 
eases the stimulu.s was applied to the dorsal n.speet of the foot. In 
many fetuses nt nil of the ages stmliiid stimulating these spot.s led to 
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no response. A Hexion of the stimulated leg was the most common 
of the responses that did occur, although occasional!)^ an extension of 
the digits was released. The poverty of the responses elicited by 
this stimulation is in marked contrast to that noted under 65 below, 
when the plantar surface, only a few mm. away, is stimulated. 

33, 34, 35. Hind Faoi Toe "A" ”S/‘ and "C“ (Summary only). 
In general, these areas were insensitive to stimulation, as judged by 
behavior, until the 36th day. Even after this in many instances 
stimulation led to no response. In general, the most common re- 
sponse to any of tliese stimuli was .in extension of the whole stimu- 
lated limb or the anlcle of the limb alone. In all but one instance, 
when the digits or one digit responded, the response was an extension 
and not a flexion. 

36. Abdomen Side "A“ (Summary only). Beginning at the 
34th day (Animal 17) and on through most of the gestation period 
tlie typical response elicited by the stimulation of this area was a 
flexion and an adduction to the stimulated region of the homolateral 
hind leg. In a number of cases the typical "scratch response” was 
released in the same leg. Corrugation of the skin under the place 
stimulated was also an almost uniform response, No responses were 
elicited between the 63rd and the 67th day. 

37. Abdomen Side "BA (D32, No. 12) Stimulation led to a 
slight contraction of the muscles of the body wall, (D32, No. 14) 
After stimulation the homolateral fore paw was flexed and moved in 
the general direction of the stimulus. (D34, No. 17) Stimulation led 
to a slight flexion of the fore leg with pronounced flexion of the 
digits of the paw of that leg. (D35, No. 20) N. R, (D3S, No. 
19) Stimulation led to a quick extension of both fore limbs with a 
flexion at the elbows. After this movement the liomolateral fore 
leg was moved toward the point of stimulation, (D36, No. 21, 
F2) No response to Couch stimulus. On continued stroking first 
the heterolateral fore limb and then the homolateral fore limb were 
adducted toward but not touching the point stimulated, (D39, No. 
24) No response to touch stimulus. On continued stroking stimula- 
tion, however, the fore limbs were raised toward the head, the head 
flexed slightly, and the lumbar spine laterally flexed to the beginning 
of a "C” movement. After this response a more violent contraction 
of apparently almost all of the trunk muscles and a flexion of all 
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four limbs took pliiM. (D40, No. 28) Stimulation led to a cor- 
rugation of the skin which spread bj’ ft series of ripples in a cephalic 
direction. (D41, No. 29] No response took plncc to touch stimu- 
lation nt Ursti hut a second stimulus led to the hind limb's being 
flexed and adducted to the point stimulated. Both fore puws were 
then brought up nnd brushed dciwii both sides of the snout. (D42j 
No. 30) Stimulation was followed by a contraction of the akin 
directly undarlyinp the spot stimulated. At the same time a down- 
ward thrust of the left fore Icij took place, wliich was folloaved by 
an extension of the neck and consequently by a backward toss of the 
head. Repeating the same stimulus elicited again a local contrac- 
tion of the skin, together with a slight (Icxicin of the homoUteral 
hind leg so that it nlinost touched the point .stimulated. (D43, No, 
31) The animal was continuously nctivc and stimulation seemed 
merely to incrc.asc the violence of the trunk flexure nnd limb move- 
ments which were occurring. (1)44, No, 32) 'I'o light toiicli a slight 
hvitch of both hind legs took place. T» a strong stroking stimulus, 
however, both fore legs were brought down to the chest, while the 
hind legs were (lexcd and adducted to the belly. (D+5, No. 33, 
F2) A slight pulling in of the abdominal wall and n downward 
twitch of the liomolatcral fore leg followed stimulation. A slight 
flexion of both hind legs also took place. (I)4G, No. 34) N. R. 
(D40, No. 37) A slight contraction of tlie underlying mnsculntuie, 
a quick extension of the neck, and consequent snapping of the head 
upward followed stimulation. The fore legs were then adducted to 
the face anti both hind legs extended backward away from the body. 
(D49, No. 38) A bilntcrnl flexion progressing from head to tail 
and involving flexion and extension of all (our legs followed stimula- 
tion, CD49, No, 39) Stimulation elicited a sudden flexion and 
adduction in the liomolatcral liiiul leg so that it touched the abdomen 
with a slight sweeping or pushing movement nt the point of stimula- 
tion. This stimulus was given again and exactly the same thing 
occurred. After the sweeping or pusliing movement passed the point 
of stimulation the leg was then extended. (D50, No. 40) Stimula- 
tion led to a localized "sucking in" of the abdominal musculature. 
(1)51, No. 41) A retraction of the musculature at the point stimu- 
lated and a twitch of nil four legs followed stimulation, (D52, 
No. 42, F2) Stimulation led to a contraction of the abdominal mus- 
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culature which was deeper than the mere panniculus carnosa reflex. 
(D53, No. 43) The heterolatcral fore paw was flexed after stimula- 
tion. (D54, No, 44. FI) N. R. (DS4, No. 44, F2) Continued 
stimulation led to a rigid drawing down of both fore legs toward the 
stimulus. (D54, No. 45) N. R. (D55, No. 46) No response to 
a single touch stimulus. On continued stimulfition a slight jerk of 
all limbs and trunk took place. (056, No. 47, F2) N, R. (D59, 
No. 49) N. R. (D59, No. 50) N. R. (D60, No 51) No response 
to any form of pressure stimulus. A slight touch of the needle led 
to timed responses of extension and flexion of the homolateral fore 
limb involving separate articulation of each joint. After this the 
hind legs began to execute a rhythmic beat. (D61, No. 52) No 
response to touch. To a needle stimulus, however, the homolateral 
fore leg flexed slightly toward the chest and both hind legs twitched. 
(D62, No. 54) Stimulation led to a flexion of the neck and conse- 
quent bowing of the head followed by an extension of the whole 
trunk. All four legs were also slightly extended, (D63, No. 55) 
N. R. (D65,No.58) N. R. (D67, No. 60) N. R. 

38. Shoulder (Summary only). At 34 days a flexion of the 
stimulated limb was released. This response continued to appear as 
the most constant factor in the protocols up to the 54th day, after 
which with one exception no response could be elicited from stimu- 
lating this area. Local contraction of the skin was recorded in a 
number of fetuses. 

39. Elbow (Summary only). Stimulating this area led to a 
flexion of the stimulated limb at 34 days (No. 17). After this until 
the 5lst day this was the typical response, although some special 
features appeared from time to time, such as the scratching of the 
stimulated spot by the heterolateral hind leg. After the 51st day, 
although there were one or two apparently sporadic responses, this 
area became apparently insensitive. 

40. Fore Ann (Summary only). The first response to stimulat- 
ing this area occurred at 35 days (No. 19). It involved a flexion of 
the stimulated limb. At later ages this same response was common, 
although extension also appeared. It seems possible that stimulation 
released "movement" and that "extension" or "flexion" depended 
upon the position of the limb or some other secondary determinants 
operating at the time of stimulation, as no special temporal order 
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can be discov'crcd in these rcs|)anscs. After tl\c 49th day this area 
became virtually insensitive to touch stiiniilatiori, and even needle 
stimulation often failed to elicit any response in an othenvisc active 
fetus. 

41. IVnn (Summary only). SimmlalinR the dorsal aspect of the 
cnr[)us led to n flexion of the wliolc stimuiated limb at 3+ and 35 
days. After this lime most of the responses also included either 
marked extension or fle.xlon of ti»c carpus and tlic dif^its of the paw. 
There is no tendency apparent in the choice between flexion and 
c.v tension. 

42, 43, 44, 45. Dorsal Aspects of the Front Paul Toes ''Aj' 
"D,'’ ''C,“ and ’’D" (Summary only). The first response to 
stimulation of this area was a flexion of the whole limb. Through- 
out the whole course of fetal life flexion or extension of tlic whole 
limb continued to occur. Hut tlie characteristic rc.'^ponsc was a local 
movement of the toes; in 21 eases this was recorded ns an extension, 
in 5 eases as a flexion. In one case at 40 days (No. 34) flexion at 
the carpus ami flc.\iun of the dibits followed stimulation. After this, 
extension of the dibits occurred and then an alternation between 
''fanning" (extension) and "cupping” (flexion) of the digits was 
several times repeated. In a numher of casc.s after 50 days the 
single toe upon stimulation was extended. 

46, Dorsal MulAhe of the Snout (Summary only). Tiie typi- 
cal response to stimulating tliis area seemed to he licad extension, 
although once or twice, mcluding once at the 36th day (No. 21), 
head flexion occurred. In ninny instances the fure limbs were also 
brought up toward or nctiially touching the point stimulated. Spe- 
cial head reflexes, including lipi tongue, jaw, eye, and pinna re- 
sponses were elicited at times. The hind-leg scratch reflex was also 
released in several fetal stages. 

47. Dorsal Mid-lsne of the Croiun (Summary only), This spot 
was in gcncrnl not sensitive. At first when stinnilntion of tins spot 
did release movement, that movement wns of the licad and trunk. 
By the 40tli day (No, 28) an eye wink appeared and this was then 
an almost constant lespomc. Pinna responses weve also common. 
Other incidental movements occurred to stinnilntion of this zone, 
including a hiiid-lcg scratcli reflex niul fure-liiub extension. 

48, Dorsal Mid-lhie of the Neck (Summary only). The first 
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responses in this area were twitches of the fore and hind legs and 
flexions of the trqnk. In many instances the fore legs were raised 
toward the point stimulated. From the 39th day on, corrugation 
of the slcin under the place stimulated ■fitas almost a constant response. 
After the 54-th day the responses to stimulation in this area became 
few. During the mid course of the active period, 39-54 days, head 
reflexes and scratch reflexes were also elicited, 

49. Dorsal Mid-line Should&r (Summary only), At 32 days 
(No. 13) stimulation here led to rotation of the head, "paddling 
movements” of all four legs, and a writhing of the trank. In this 
response were contained all of the typical elements of the later re- 
sponses made by older fetuses to stimulation of this area, except 
local subcutaneous muscle responses, which occurred first at 37 
days (No. 23) and then, quite regularly, up to 58 days (No. 49). 
After this period there was practically no response to pressure or 
needle stimulation in this area. 

50. Dorsal Mid-line Back (Summary only), The first sure 
response to stimulation in this area was a slight local skin-muscle 
twitch (D38, No. 24) which also involved special head and limb 
movements. Apparently incidental Ijmb responses were elicited after 
this at times, but the one constant response was the local skin con- 
traction. From the 56th day to birth no responses could be elicited, 
save that in No. 54 at 62 days a local skin response followed stimula- 
tion. 

51. Dorsal Mid-line Hip (Summary only). From the 38th to 
the 52nd days stimulation in this area led to trunk movement, 
dominantly, but not uniformly, extension. During this period, also, 
local skin responses were very regularly elicited. After the 53rd day 
practically no response could be elicited, even by needle stimulation. 

52. Dorsal Mid-line Rump (Summary only). At 33 days (No. 
24) a flexion of the rump occurred, such that it was pulled in be- 
tween the hips of the hind legs. This was the first response elicited by 
stimulating this region and remained the characteristic response up 
to the 48t]i day, when characteristic responses ceased altogether, save 
for an incidental twitch in limb or trunk. At 67 days, however, 
(No. 60) the hind legs were flexed up to the belly and a flutter 
response of the paw of the hind limb nearest the surface took place, 
This was repeated once. 
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53. Fcntml Mid-Ihe Snout (Summary only), On the 36th day 
(No. 22) that is, at the firit recorded jcsponsc, and nt the 67th day 
(No. 60), that is, on tlic clay before birth, etimulation of this area 
led to the fore Ici^'s being brought up and touching the face, Be- 
tween these two extremes many other rcaponscs were elicited, the 
most characteristic of wiiicli was nn extension of the neck and conse- 
quent clcvnlion of the licad, Various head reflexes, Including re- 
sponses of one side of the upper lip alone, tongue movements, jaw 
movements, eye winks, and pinna resporLScsi were all elicited. Dur- 
ing the Inst ten days of the gestation period this area was not uni- 
formly sensitive. 

54. Lift Groove (Summary only). At 35 days (No. 19) stimula- 
tion led to a quick extension nnd witlidm^vnl of the head and a 
slight moventent of both fore legs. A slow movement of the right 
paw toward the snout then occurred. This movement resulted in a 
brushing or waving movement of both fore limbs, ending with the 
right paw's louclifng the Ic/r side of tlie face. On the following 
day (No. 22) mouth and lip movements were observed. These two 
patterns of response seemed to be the dominant ones released by 
stimulating this area. As the gestation period advanced, stimulation 
of this area at otic time or another released all of the typical head 
reflexes, including those of the tnngiie, jaw, eye, nnd pinna. 

55. Upper Gurn^ (D32, No. 12) Stimulation of the lips led to 
a bringing up of both fore paws as if to brush away the offending 
stimulation. (D34, No. 17) Movement of tlic left fore leg, brush- 
ing by but not touching face, followed stimulation. (D36, No. 22) 
Turning of the head toward left nnd fore-leg and lu'nd-icg twitches 
followed stimulation, (D3fl, No. 24) A localized contraction of 
lip on the side stimulated followed by rhythmic tongue movements 
resulted from stimulation. (D40, No. 28) Contraction of the upper 
Up, retraction and movement of the tongue, and nn upward pushing 
of both fore limbs followed stimulation. (041, No, 29) Stimula- 
tion led to a wider opening of the mouth and to tongue protrusion. 
(D42, No. 30) A slight lip contraction followed stimulation. (D43, 
No, 31) The tongue was pulled back into tlic mouth, and jaw 

Tn many eases, because of lack of dexterity un the part of the 
experimenter, this point was really ''lip and gum" rather than "gum" 
alone. 
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movements followed stimulation. The fore legs were brought up 
so as to brush but not touch the snout. (D44, No. 32) Stimulation 
led to movement of the upper lip with accompanying fore- and hind- 
leg movements. In one instance after some delay the fore leg was 
brought up with spreading toes brushing by the spot stimulated but 
not touching it. (D45, No. 33) Contraction of that half of the 
upper lip touched followed stimulation. The gum itself may not 
have been stimulated. (D46, No. 34) A sharp contraction of the 
upper lip as in a snarl, a pulling in of the tongue, and mandible ele- 
vation followed stimulation. Both fore legs were brought up to the 
side of the face. The hind legs were flexed to the belly with curving 
in of the rump resulting from flexion in the lumbar spine. (D47, 
No. 35) A localized contraction of the muscle of the Up followed 
Stimulation, Violent movements of the fore limbs and the with- 
drawal of the head by the flexion of the neck and trunk muscles also 
took place. (D47, No. 36) A slight contraction of the lower lip 
and violent flexion of the left front limb follo>ved stimulation. The 
mouth was then opened so as to pull back the upper lip. The 
tongue was then pressed forward rhythmically and the lower lip 
pulled down, bringing about a rhythmic, wide opening of the mouth. 
(D48, No. 37) Active tongue movements, lower-jaw movementSj 
and pushing movements of the fore legs all followed stimulation. 
(D49, No. 38) Local contraction of lip muscles follovred by rhyth- 
mic biting movements of the lower jaw occurred on stimulation. 
(D50, No. 40) Local response of the lip and a slight head and fore- 
limb movement followed stimulation. (D5l, No. 41) The lips con- 
tracted in such a way as to bare the teeth after stimulation. (052, 
No. 42) A pulling up of the lip on the side stimulated and a quick 
extension of the neck and consequent toss of the head followed 
stimulation. A slight homolateral fore-leg movement also occurred. 
(D53, No. 43) Contraction of the upper lip followed stimulation. 
(D54, No. 44) A local contraction of the segment with possible 
corrugation of the vibrissae pad followed stimulation. (055, No. 
46) Localized lip movements, an in-and-out movement of the tongue, 
a shake of the head, and a raising of the homolateral fore limb all 
followed touch stimulation. (D57, No. 48) Local movements of 
lips and tongue similar to those that would have been made in 
sucking and a single bite of the mandible were observed. (D58, 
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No. 49) N. Ki (D59, No. 50) Twitches of bolh upper and lower 
lips and twitclimp of the fore legs occurred. (D60, No, 51) Pres- 
sure led to no response, but a needle stimulus led to the raising of 
both fore paws toward the mouth, nil the while executing paddling 
movements. (D61, No. 53) There occurred a separate twitch of 
each half of the upper Up, tongue movements, and Jaw movement. 
(D62, No. 54) Flexion of the fore legs and adduction and flexion 
of the hind legs, followed by a strong extension of the limbs artel 
a slight moveincnt of the head, all were noted. No lip movement 
occurred. (P)63, No. 55) The left paw wns raised to the point 
stimulated when the right gum was touched. When the left gum 
was touched, the right paw was raised to the stimulated spot. Tliesc 
responses were most precise in their localization. (D65, No, 58) 
N. R, (D67, No, 60) Continued rhythmic contraction of upper 
and lower lips was seen. 

56. Lower Gum. (Summary only), At 35 days (No. 19), 
the first time at which a response to this arc, a could be elicited, the 
following protocol Is given: "Siinuilation led to a raising of the 
right fore litnli and a lowering of the head, so that the lips brushed 
along the right paw for the total distance from the toe to the el- 
bow. No localized mouth movements could be observed," In the 
next recorded response (No. 24) lower-jaw and tongue movements, 
iiowcvcr, were elicited. After this, these two sets of movements, 
that is, limb raising and mouth activity, were the characteristic re- 
sponse to stimulation in tills area, Apparently incidentally, other 
limb, trunk, nnd head rcficxcs were also released. 

57. Toiiffiie (Summary only). This proved a difTicult point to 
stimulate without touching other parts of the mouth, but of those 
Cases in W'hicli it was accomplished between the 37th day (No, 23) 
and tile 65tli day (No, 58) 16 cases occurred in which the tongue 
Was retracted into the mouth after stimulation. In one ease at 41 
days (No. 29) the tongue was rhythmically drawn in and out of 
the mouth five or six times. Beside these local movements, inci- 
dental trunk, limb, and head responses were occasionally, but only 
occasionally, elicited. 

58. Pa^s at Base Front DhitSj the “Inlerdiffital Pails (D32, 

"^rypically stiiniihition of this area consisted in touching with the 
side of the stimulus bristle the fntcrdigitul pads or eminences. 
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No, 12) Stirnulation of the right lore paw when the animal 
was belly side up in the salt solution was followed by slight exten- 
sion, that is, "fanning," of the digits of both fore paws. (D32, No. 
14) A light touch of the pads of the right fore limb led to an ac- 
tive pressing of the rump to the same side. (D32, No. 14, F4) 
Stimulation led first to a flexion of the limb and then a thrust up 
against the stimulus. (D34, No. 17) Stimulation led to a trunk 
flexion in a bilateral "C" which also Involved fore-leg flexion. (D35, 
No. 19) Light stimulation of the pad of the right fore limb led 
to a slight extension of the digits with a subsequent flexion of the 
apical joints of the digits and with a flexion articulated at the car- 
pus. Stronger pressure stimulation at the same spot, however, led 
to an extensor thrust pressing against the stimulus as if to push it 
away. Again, the slight touch of the pad of the fore paw led to 
a slight movement of each of the other legs, sucih that, had it been 
more extended, the legs would apparently have been brought to- 
gether in a point, {D36, No. 22) Stimulation led to a slight flex- 
ion of the digits. (D36, No. 21) A flexion of the fore leg to the 
side with a concomitant flexion and then extension of the wrist fol- 
low'cd stimulation. The digits of the paws were slightly "cupped," 
i.e., flexed. (D38, No. 24) Stimulation led to a complete flexing 
of the digits so that their tips almost touched the proximal pads, 
(D39, No. 26) Touching the interdigltal pads of the right fore 
leg elicited a sudden flexion of both fore legs and adduction of the 
limbs to the sides of the face, (039, No. 25) N. R, (D40, No. 

28) Stimulation led to a rhythmic extension-flexion of the paw at 
the carpus with an extension and fanning of all toes. (D41, No. 

29) A slight flexion of the digits and a pressing of the limb toward 
the stimulus followed stimulation. (D42, No. 30) A withdrawal 
movement of the paw from the stimulus followed its application. 
(D42, No. 30, F2) A flexion of the stimulated fore leg toward the 
chest and a strong extenfeor thrust of the left fore leg with a fan- 
ning of the toes followed stimulation. The fetus was held ventral 
side up to the observer while these observations were made. (D43, 
No. 31) Sharp pushes against the stimulus and then upward pad- 
dling movements of the paw stimulated followed the experimental 
touch. A fanning or spreading of the digits also followed stim- 
ulation. After this the digits were flexed. (D44, No. 32) To 
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light touch no response wns appnrcnt, but with continued stroking 
of all the intcrdigllnl pnds a flexinn of tlic paw nt the carpus with 
a cupping or flexion of nil toes occurred. This was repeated. With 
continued stronger stimulation a greater cupping-flexion of the digits 
resulted. (D4!l, Mo, 33) Tlexioii of the stimulated leg into the 
chest with a slight cMcnsitm at the wrist followed stimulation, Then 
paddling moveiuciUs nf both fore legs and n crossing of both fore 
legs with flexion nt the wrist of the digits into a "fist" occurred, 
(D46, No. 34} A light touch led to a cupping or flexion movement 
of the toes with flexion of the pnw nt the wrist. Later n rhythmic 
extension of the pnw with fanning and extension of the toes fol- 
lowed by 11 slight flexion and relaxation of the digits occurred. When 
the stimulus hair was held continuous!)* purnllel to the paw, defi- 
nite "grasping" movements of (lie toes around the imir, with a slight 
pushing movement of fore arm against it, also occurred. After this 
the limb flexed nr the elbow. (1)47, No. 35) A flexion of the toes 
as in clasping, together with a flexion of the whole limb, followed 
stimulatioti. On repenting tbe simuilus n ilcxion of the digits oc- 
curred, This observation was repeated three times with siiTiilnr 
results, (D47, No, 36) Siimulniiun, when tlic aninml was held 
dorsal side down, led to small but obvious c.xtcnnion and Ilcxion of 
ill! four limbs, (134B, No. 37) A slow flexion or grasp with the 
digits around the stinuilus followed soft stimulation. Stronger 
stimulation led first to a alight flexion and then to n fanning nnd 
withdinwnl of the paw from the point stimulated. (D49, No, 38) 
A quick extension of digits folluAVcd by a flexion of the digits which 
formed them into a tight fist occurred ns :i result of single momen- 
tary stimulus. The paw was then flexed at the carpus, while the 
digits were held extended. Only the paw stimulated responded; 
the other limbs or paws or trunk made no response. (DSO, No. 40) 
Marked flexion of all digits of the stimulated paw was followed by 
flexion of the whole leg and then quickly by .a similar flexion of 
digits and limb of the leg on the other side, Doth limbs were then 
brought together so that the hvo paws stimulated each other. (D51, 
No, 41) An outward cxtciKsion or fanning of the digits followed 
stimulation. (D52, No. 42) To soft stimulation no response oc- 
curred. On continued hriishiiig, the digiis sligluly extended and 
fanned. Then alternate digit movements with articulation just 
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above the interdigital pads, similar to those used in playing the piano, 
took place. Wrist flexion and extension occurred after this. (D53, 
No. 43) Stimulation led to a pulling away of the whole leg with 
articulation at the shoulder. When stimulation was repeated ex- 
tension of the toes only occurred. (D54, No. 44) A light touch led 
to flexion of the fore leg. With continued stimulation there was 
a flutter of the fore leg and a contraction of the opposite leg. The 
stimulated leg was brought slightly over and crossed the fore leg 
stimulated. A second stimulus led to a precise extension of the 
wrist and a flexion of the toes. (D54, No. 45) N. R. (D55, No. 
46) No indication of digit movement followed even prolonged stim- 
ulation, but the whole limb twitched away from the stimulus. (D56, 
No. 47) N, {D57, No. 48) The first stimulus led to a flexion 
of the limb with articulation at the elbow. In this response the 
toes were flexed so as to cup them toward the stimulus. On con- 
tinued stimulation the limb was withdrawn and the toes extended 
80 os markedly to fan them. (BSB, No. 49) Flexion of the leg 
with slight flexion at the wrist and fluttering movement of the toes 
nearest the point stimulated followed stimulation. (D60, No. 51) 
The pressure stimulus elicited no response, The needle stimulus 
led to a quick, strong flexion of the limb at tliq elbow, an extension 
at the wrist, and fanning of the toes. (D61, No. 53) N. R. (D62, 
No. 54) A sharp flexion of the stimulated leg followed the experi- 
mental stimulus touch, (D63, No. 55) N. R, (D65, No. 58) A 
slight flexion of the hetcrolateral limb, but no movcmeilt of the 
homolatcral limb, followed stimulation. (D67, No. 60) Stimula- 
tion led to a sharp flexion and adduction of the stimulated leg to the 
chest. 

59, 60. Fore-limb Base Left and Riffht (Summary only). 
These areas are relatively insensitive, especially in the later fetal 
stage. Flexion of the stimulated limb and of the whole trunk was 
released at 34 days (No. 17). From this time on flexion, or oc- 
casionally extension, of the limb followed stimulation. In the per- 
iod between the 50th and the 67th day almost no responses were 
elicited in this region, even in response to needle stimulation. 

61. Epigastric Stroke (Summary only). The term "epigastric 
stroke" was taken from clinical neurology, in which it is described 
as follows by Core: "With some pointed object . . . the skin over 
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tlic lower coetnl margin is llglitly stiinulatcd from jibove tlo^vnwards. 
In ihe event o( ihc epiffaslrlc reflex being iircscnt there is a twitch 
of tlic obdominal wall to tlic side stimulated ; this is represented by 
a jerk of the niciliun line to this si(]c"(2l). 

At 34 days the first response to this form of stimulation was re- 
corded (No, 17). It wns a Ilexian of the rump and o( both hind 
legs, Ac 36 (lays (No. 24) the first local muscle contraction took 
place, Alter this, hind-limh movement ami local ronsclc contrac- 
tions were characteristic responses until the 56th day (No. 47), after 
svhich, save for one slight hind-limb iwitcli at the G2nd d.ay (No, 54) 
no response whatsoever occurred. Seven responses during the ac- 
tive period also involved the fore limhs and cnee (at 44 days, No, 
32) one hind leg touched the siiiDuiatcd area. 

62. U riifjiticat Cor4 (Summary only). In the twenty-eight fe- 
tuses in which this was tried no response resulted, save that tsvlcc, 
at 48 days (No. 37) and at 51 days (No. +1) the cord svas so 
strongly stimulated that it pulled on the abdominal wall thus stim- 
ulntiiig it| and in bocti eases then eliciting a flexion and adduction oi 
both hind legs to the sihnulatcd nrea. These results may be taken 
as showing conclusively that tlic umhilicnl cord itself is not sensitive 
during the period covered by tin's study. 

63. UiiibiUcal Reflex Stroke (Summary only) , I/ilce the epigastric 
reflex considered above, the conditions for (bis form of stimulation 
were adapted from tbe human clinical procedure iis far ns possible. 
Core says of this reflex, "In the ease of the wnlilicd reflex the skin 
of the (lank is stimulated in the same way from without inwards 
toward the median line. If the reflex is present, the umbilicus 
twitches to the side stimulated” (21)> 

The response to this form of stimulation began at 38 days (No. 
24). The quotation of n single protocol at 44 days (No. 32) gives 
a picture of the typical response, ''Stimulation led to a pulling in 
of the muscles at the b.i5e of the umbilic.al cord, followed by n flex- 
ion and adduction of the liamoUtcral hind leg, such that its paw 
came in contact with the belly near the pihiit stimulated." Tliis 
was varied somcwlint from (ctus to fetus, Sometimes the hetcro- 
latcrnl hind paw was raised. After the 57th day this reflex could 
be elicited only twice, but in both of these cases (61 and 62 days, 
Nos, 53 and 54, respectively) the response was characteristic. 

64. iixfeniof Geuimi Ae^ioii (Sutm\atiiy only). The difficulty 
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of stimulating this region without also stimulating the anal region 
(No. 28 above) became apparent as the experiment progressed. The 
protocols could almost be exchanged with those given for No. 28. 
The dominant pattern here, as there, was one of local muscle con- 
traction, rump flexion, and protecting thigh adduction. 

65. Plantar Sii?}inlatW7i*^ (D34, No. 17) N, R. (D35, No. 19) 
Stimulation of the pad of the right paw led to a flexion of the rump 
muscles such that the rump was pulled in between the thighs. Stimu- 
lation of the pad of the left foot led to an extension of tJiat hind leg 
with major articulation at the knee, but also with some articulation at 
the ankle. (D36, No. 21) No response even to continued strong 
stimulation, although the animal was in general very active. (D36, 
No. 22) N, Ri (037, No. 23) Stimulation led to a flexion of the 
digits. (D38, No. 24) Stimulation led to a flexion of the digits. 
(Note: Stimulating back of toes led to an extension of the digits 
which was quite the opposite of the flexion noted above,) (D39, 
No. 25) Stimulation led to a flexion of the leg with articulation 
at the heel and the knee. The stimulated limb was thus adducted 
to the belly. This was repeated with similar results. (D40, No. 
28) A slight flexion of the limb first moved the paw away from 
the stimulus; an upward extension at the wrist accompanied by 
a fanning of the toes then occurred, This was followed by a flexion 
at the wrist and a slight flexion of the digits. (D41, No. 29) A 
pronounced fanning of the toes and an extensor thrust first followed 
stimulation. Pressing (he stimulus harder against the interdigital 
pads then led to a definite flexion or cupping movement of the whole 
paw. It is remarkable, however, that light local punctiform stimu- 
lation of one pad at a time led to fanning or extension of the toes 
and especially of the toe above the stimulated pad, (D42, No. 30) 
Stimulation led to a slow flexion and adduction of the leg toward 
the belly. This flexion included an articulation at the heel. The 
limb then relaxed gradually back to normal position. (D43, No. 
31) The paw flexed or curled slightly around the stimulus when it 
was applied. It then remained curled for a short interval of 

“Typically stimulation of this area consisted in touching with the 
side of the stimulus bristle the interdigital pads or eminences. Some- 
times the stimulus was brushed over the plantar surface more gen- 
erally. 
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time after the stimalus was taken away. Articulation at the sep- 
arate joints of the phalanges could be dearly seen in this flexion, 
(D44, No. 32) An extensor thrust of the leg, followed by a flexion 
or cupping of titc toes, resulted from stiinulation. (D45, No. 33) 
Stimitlntion led to a flexion of the stimulated leg such that the leg 
was adducted to the belly. *riic digits were flexed Blrongly. Touch- 
ing one paw also led to a flexion of digits on the other. (D46, No, 
34) At first a flexion of the iimh folluwcd stinuihition. Then the 
digits were flexed and maintained in this posture for a time until 
this posture was, without further stimulation, overcome by an op- 
posed extension, which came eventually to dominate completely so 
that a most vigorous fanning took place, (047, No. 36) Stimula- 
tion led to .1 gentle flexion at the ankle. The three digits of the 
paw were also flexed. On repented stimulation the magnitude of 
this response decreased. (D47, No. 35) A flexion of the toes 
around t]ic£hmulu.i object followed the application of the stimulus, 
Touching the interdigitnl pad nt the base of all three toes of the paw 
led to an extensive movement of the t\vo outer toes and a less pro- 
nounced movement of the middle one. Further stimulation led to 
an extension of the limb, thereby pulling it away from the stimulus, 
(D48, No, 37) An extension of the digits of both paws followed 
stimulation of the pads of either paw. (D49, No, 39) Stimulation 
Qt the base of each digit led to a flexion of that digit. Touching the 
paw a little further toward the heel, that is, at the proximal pads, 
led to a flexion of nil toes and indeed to n flexion of the whole limb, 
(D49, No. 39, r'4) A slow flexion and adduction of the whole limb 
toward the belly took place, after which followed a strong, vigorous 
extension of both hind legs and an extension of the rump. (D49, 
No. 36) Extension of tlie digits with articulation at the base of 
the digits and at tbe ankle took place. At the same time the homo- 
lateral fore limb was so flexed and adducted that it almost touched 
the point on the hind paw that 1ml been stimulated. (D50, No. 
40) Stimulation led to a flexion and cupping of tlie toes. When the 
pods at the base of the individual toes were stimulated there was a 
localized flexion. This observation was most marked in the case 
of the "little" toe. (D51, No. 41) A sharp flexion of the whole 
limb, a slight flexion of the digits of the stimulated paw, with in- 
dividual twitching of digits, all followed a single touch stimulus. 
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(D52, No, 42) An extension of the toes followed light pressure 
stimulation. Stronger stimulation led to a. flexion of the limb and 
a flexion and cupping of the toes. (D53, No. 43) Stimulation led 
to a strong quick extension and spreading of the toes. A second 
stimulus led to a similar response, including an extensor thrust of 
the whole limb. (D54, No. 44, FI) N. R. (054, No. 44, F2) 
Stimulation led to a flexion of the leg and an extension of all toes. 
(D54, No. 45) N. R. (D55, No. 46) A pronounced flexion of all 
toes, followed by an extension of the hind leg, took place. General 
fore-limb, head, and trunk reactions also occurred. (D56, No. 47) 
Stimulation was followed by both hind legs being flexed and ad- 
ducted to tile body. (D57, No. 48) Stimulation was followed by 
a rhythmic flexion-extension movement of one toe. (D58, No. 49) 
A spreading and extension of the digits, then a flexion and bringing 
together of the digits, and finally a flexion at the ankle all followed 
stimulation. A light touch at the base of any one toe led to a flex- 
ion of that toe alone. The middle toe was most responsive. (D59, 
No. 50) A strong outward thrust of each hind leg followed stim- 
ulation of the intcrdigital pads of that limb. A very light touch, 
however, led to an extension of the toes. When the hair was thrust 
between the toes, however, the toes extended In a fan and at the 
same time the whole limb executed an extensor thrust, (D60, No. 
5J ) No response occurred fo pressure or normal needle thrust. 
Strong needle thrust led to an extensor thrust of the limb and a 
rhythmic flutter of the foot. (D61, No. 52) Stimulation was fol- 
lowed by a flexion of the toes and a slow flexion of the whole limb. 
(D62, No. 54) A sharp upward rhythmic extension of the hind leg 
involving extension at the ankle and at all of the digits followed 
stimulation. The same response was secured from the other leg. 
(D63, No. 55) A slight twitching backward of the foot with ex- 
tension and fanning of all toes followed stimulation. A repetition 
of the stimulus led to a flexion of the limb which continued 
until the posture was such that further retraction was Impossible. 
Then a violent thrust against the stimulus took place. This was 
observed four times. (D67, No. 60) No response to stimulation 
of any sort could be elicited. 

66. Blow for the Achilles Jerk (Summary only). Although a 
number of responses are recorded to this form of stimulation, the 
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small size of llie fetus nnd the dilliciilly of determining whether 
the response was one tn mere cutnnenus pressure has made it seem 
desirable not to include nny report of these observations in the 
present paper. 

67. Leg {ihe Inner Surface of the Thigh) (Summary only), 
Tliis area proved to be relatively insensitive. At the 38th day (No. 
24) occurred the first response, a flexure uf the stimulated hind limb. 
Tills proved to be the characteristic response, but, save for occasional 
twitches, no response occurred to pressure after the 53rd day, A 
few extensor thrusts did cazeur, as well as incidental trunk and fore- 
limb reflexes. 

6B. Creinoslerlc Stroke (Summary only), The term cremas- 
teric stroke is here used by analogy only. The stimulus used in 
human iieurulogical examinations to elicit the cremasteric reflex is 
roughly^ similar in locus to the stroke indicated in Figure 1. This 
form of stimulation in the fetus elicited comparatively few responses, 
Of those that did appear, hinddeg flc.xion seemed most characteris- 
tic. In fetuses from the 5i.st to the 67tli day in but two cases 
were responses recorded. 

69. Blow for Jtjii) Jerk (Summary only), Uccausc of the size 
of the fetus and because of the li(|uid environment it proved impos- 
sible, for the most part, properly to administer this form of stimula- 
tion. In one case (]uiclc jaw opening did result, but this was pos- 
sibly die result of mere cutaneous stimulation. 

70. Taste Slimiili. Several tentative experiments have been 
made in the study of taste stimuli by observing differences in the 
sucking reactions Callccl out in lute fetuses by different liquids, but 
these experiments arc not well enough advanced for report at this 
time. 

71. Probe in Mouth, (D34, No. 17) No mouth movements 
resulted from this form of stimulation, but both fore paws were 
brought up to touch the probe. The digits of both paws were ex- 
tended nnd fanned. After removing the stimulus the paws were 
held at the point of previous stimulation, (D3S| No, 20) Push- 
ing a thin bristle probe in nnd out of the mouth led to several move- 
ments both of the jaw and the lip. The fore legs were also raised 
to the face. (D36, No. 21) The insertion of the bristle probe 
into the mouth led to a raising of one fore limb with Hexed or cupped 
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digits. The paw then actually pushed against the stimulus object. Aft- 
er continued stimulation by moving the probe In and out of the mouth 
rhythmic movements of the lower jaw were initiated, which con- 
tinued as long as the probe was gently moved in and out of the 
mouth. Tongue movements accompanied this activity. (D36, No, 
22) Stimulation led to a wink of the unopened eye, mouth and lip 
raovemonts, and a pushing of both fore legs against the face. (D37, 
No. 23) When the hair probe was placed in the mouth, rhythmic 
but very slow movements of the lower jaw began. (Note: In this 
animal self-stimulation of the inside of the mouth by the toes of 
the left fore paw was observed. This stimulation led to sucking 
movements, together with tongue movements.) (D38, No. 24) 
Stimulation led to rhythmic jaw movements. Soon after the inser- 
tion of the probe both fore paws were brought up as if to press away 
the stimulus. (D39, No. 25) The probe at first led to no jaw or 
tongue movements, but the lower jaw was depressed and then both 
fore paws were brought up to the mouth region. The mouth then 
began to open in a more or less rhythmic fashion, synchronized with 
a retraction of the muscle wall in the abdominal region. Then both 
fore legs were raised toward the head and the hind legs were ex- 
tended away from the body. At the same time the neck was flexed, 
thus bowing it upon the chest. After a rest period the probe was 
again inserted in the mouth. This time tongue mevements with 
the tongue slightly pursed and lip movements were also elicited. This 
whole pattern seemed to be very typical of sucking, but no indica- 
tion of swallowing was present. (D39, No. 27) Stimulation led 
to upper-lip and lower-lip movements. The tongue was rhythmi- 
cally protruded and retracted. Jaw movements also took place. 
(Note; In random behavior of the fetus, when the mouth came in 
contact with the placenta, mouth movements as described above 
were also observed.) (D40j No. 28) Upper- and lower-lip move- 
ments followed stimulation. Tongue and jaw movements also oc- 
curred rhythmically in such a way as to exert some pressure on the 
bristle probe. (D41, No. 29) Definite sucking movements of 
tongue, lips, and jaw, including hollowing of cheeks, followed stim- 
ulation. (D42, No. 30) Placing the bristle probe in the practically 
open mouth of the fetus v^as followed by a closing of the mouth and 
a pressing of the tongue around the hair. However, nothing that 



40B 


UsONARD CARMICHAEL 


could be called sucking inovemcius lollowcd. No. 31) Stim- 

ulation led to Inu'cr-javv movement, Tlic tonRue was pursed over 
llic object. Some rliylhmic activity of tlic mnulli was observed, but 
not Guch as to involve tlie throat. (D44, No. 32) Definite move- 
ments oi openihB and closiiiir of the mouth, of the IniiRUCi of the 
lip and jaw, stroiiRij’ suirRcstinK suckini; or hitinp, lollowctl stim* 
ulatlciii. (D46, No. 34) Jaw, lonpue, nn<i lip movements with fore 
leRs brought up to either side of the iiioutii fulUnvr.d stlnnilntion. 
The fore legs tlicii executed alternnic paddllnp movements with 
fniining of the toes. (1)48, No. 37) Upper- and lower-lip and tongue 
movement, all cncirdinatccl together in a prcniiiture form of sucking, 
followed stimulntion. Definite pulling in of the rod in the mouth 
could be detected, (D49, No. 39) As .soon ns the probe was placed 
in the mouth it was pressed out by the tongue. At tlic same time 
both fore legs were bruught up to the mouth region and brushed 
by it, A wooden probe |4l" in diameter was now substituted for 
the smaller probe, with the result that prolonged sucking rriDvcmcnts 
of tile lip and longue took place, hut so far as could be observed 
externally no swallowing movements occurred. (049, No. 3B) 
Rliytlunic jaw and longue iiiovcnicnt.s occurred in response to the 
probe that had been inserted in the munth, the jaw was pulled 
back and out in .such n way a.s to bring hotli upper and lower jaw 
to bear on probe. I’lic lower lip then curled down, the upper lip 
was raised, but na rhythmic muvcinents look place. (D51, No. 
41) Tongue, upper* and lower-lip, and jaw movements all fallowed 
stimulation. (D52, No. 42) When the probe was inserted the 
tongue was protruded and the lips hnmght up and then retracted 
away from the teeth. The bend moved in and nut .slightly and both 
fore limbs were brought up toumrd point stimulated. In one in- 
stance tlic tongue was thrust forth from the mniith. (D53, No. 43) 
Stimulation led to movements of lips and jaw though not in a typi- 
cal "sucking rliytlim,'’ (D54, No. 44) No sucking movements fol- 
lowed insertion of the probe but ratlier a sliglit u[)wnid nncl down- 
ward rliytlunic movement of the fore paws and a twitch of the 
trunk. Lip and tongue movements then took place, but not such 
that they could he called sucking. (D54, No. 45) Stimulation led to 
no true sucking movements, hut lip niuvciniints did occur. The 
fore legs were brought up to the mouth and tlic head jerked back- 
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ward. (D55, No. 46) Stimulation led to rhythmic lower-Hp 
movements. The tongue curved around the probe, was rhythmi- 
cally protruded and retracted. At the same time the lower lip was 
raised and lowered rhythmically. (056, No. 47) No Up or mouth 
movements followed stimulation. The fore legs, however, were 
brought up toward the mouth and the head was jerked away, (D57, 
No. 48) Stimulation led to localized lip and tongue movements. 
The neck was also extended so as to draw the head back and the 
two fore legs were flexed over the chest. (DSS, No. 49) Stimula- 
tion led to tongue movement, lip movement, and jaw movement, all 
in a rhythmic sequence which may be characterized as sucking, (D59, 
No. 50) Lip, mouth, jaw, and tongue movements, all rhythmically 
repeated as in sucking, followed stimulation. (D60, No. 5l) N. R. 
(D61, No. 53) No complex sucking movements could be elicited, 
but the lips did move. (D62, No. 54) Spontaneous mouth, jaw, 
lip, tongue, and throat movements were seen. Stimulation led to 
sucking movements which included clinging with Ups, pressing with 
tongue, and even a slight pull on the probe. No indication of swal- 
lowing, however, could be observed. (D63, No, 55) Stimulation 
led to a biting down on the probe, quivering lip movements, and 
pronounced sucking and biting movements. At the same time both 
fore paws were raised and then extended so as to push away the 
stimulus. (D67, No. 60) Stimulation led to definite sucking 
movements, including lower lip,’ jaw, and upper lip. Pursing and 
pressing of the tongue in and out also occurred, as did neck move- 
ments, which seemed to be those of swallowing, 

72. Magnus Head Turning. (Summary only). Under this 
somewhat inaccurate title are included the results of stimulation re- 
sulting from bending or twisting the head in relation to the trunk. 
In each case when the condition of the fetus made it possible the 
head was rotated first to the right and then to the left. After this 
the head was laterally flexed to right and left; it was then flexed 
dorsally and ventrally. The results of this form of stimulation in 
small fetuses are difficult to evaluate, At 37 days (No. 23), for 
example, rotation to the right seemed to lead to a slight extension 
of the right fore leg; rotating to the left, of the left leg. But these 
leg movements may possibly have been mere mechanical tensions 
brought about by the forced movement of skin and muscles. To all 
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of the 17 positive responses recorded, the snme objection may be 
rflised. According to the records secured, however, the very response 
given at 37 days was characteristic of later periods, 

73, Photk Stimulalion of the Eye. (In the cases marked "cp- 
erntiort” the eye was opened hy lifting the lids with cataract forceps 
and cutting the lids open. The photic stimulus consisted in turning 
on a 500-watt bulb at about 50 cm. from the eye.) {D39, No, 25) 
Alter the npcralion it was found that the eye was so deeply pig. 
mcnied that the observation could not be made with nssurance 
(D40, No. 28) After operative opening of the eye, eyeball move- 
ments could be observed, but in no direct relation to the photic stim- 
ulus, No iris responses were observed. (D+1, No. 29) After op- 
eration and the flasliing on and ofT of the liglit, definite but slight 
iris reflexes were observed. The pigmentation of this eye was fav- 
ornblc far observation. (D43, No. 31) After operation the response 
could not be surely determined as the eye was unpigmented, (D45, 
No. 33) The pigmeiUalion of this eye was favorable for observa- 
tion and after operation iris contraction to light stimulation could 
be seen. Marked eyeball movements also followed Btimulation. 
(D46, Noi 34) After operation marked eyeball moveineiita were not- 
ed, but not in relation to light. Three observers all agreed th.it a 
definite iris reflex followed the photic stimulation, however. (D48, 
No. 37) After the operation marked cychnJl movcmcnis were ob- 
vious, but light did not lead to an observable iris reflex, Eye wink- 
ing was observed, hut tills was not surely related to the photic stim- 
ulus. (D49, No. 38) After operation violent eyeball movements 
were noted, but because of unfavorable pigmentation the iris could 
not be clearly seen and so the light reflex could not be studied, (D51, 
No, 41) Alter operation it was found that pigmentation made ob- 
servation diflicult, but iris response to photic stimulation did appar- 
ently take place, (D52, No, 42) Alter operation tlic pigmentation 
of the exposed eye wns seen to be too great to make the iris visible. 
(D53, No, 43) After operation the reflex was impossible to observe 
because of unfavorable pigmentation of the eye and iris. (D55, 
No. 46) High pigmentation made obscrvntion of the iris impos- 
sible. (D57, No. 48) Pigmentation of this nnturnlly open eye 
was such tliat no response could be seen. (1^58, No. 49) Color of 
eye was such that observation was impossible with our technique. 
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(D59, No. SO) No iris response could be observed to photic stim- 
ulus. (D60, No. 51) Photic stimulus led to a pronounced slow 
contraction of the iris. (D61, No. 53) The iris could not be ob- 
served because of pigmentation, but the lids closed when the light 
was on and then slowly opened when the light was out. (D62, 
No. 54) The iris and eye were so darkly pigmented that the obser- 
vation could not be made. (D63, No. 55) No response could be 
observed under the surface of the bath, but later in air the pupil 
contracted under the strong photic stimulus and dilated in weaker 
light. This response was repeated many times, 

74. Ulo-m for the Triceps Jerk. Stimulation proved not to be 
possible and no records were taken. 

75. Auditory Stimuli (Summary only). In no case did the 
loud lung-blown whistle which was used as a stimulus lead to re- 
sponse while the fetus was still under water. In one case, in a 63- 
day fetus (No, 55) which was removed from tlie water, in 10 
seconds a pinna reflex was noted. This was not tried in many cases 
and probably would have been effective in some younger fetuses, 
This response will be studied in more detail at a later time, 

76. Smell Sthiuili. In this study this form of stimulation was 
not systematically employed. Preliminary studies suggest, however, 
that it could be used differentially in those fetuses in which air 
breathing could be initiated. 

77. Needle Sitmula/ion of VHfrissae Pad (In general, 

the needle, fastened to the end of a probe. Was applied by a light 
touch sufficiently strong to be reported as a prick by a human sub- 
ject. In certain cases it was, as noted, applied more strongly,) 
(D34| No. 17) Stimulation led to a sharp upward movement of both 
fore legs and brushing of the side of the face on both sides. (D35, 
No. 20) Slight movement of fore legs in general direction of stim- 
ulation followed application of the needle, (D36, No. 21) Stim- 
ulation led to quick neck bending so as to move the head away from 
the needle stimulus. This was followed by .r unilateral bending of 
the trunk and an extension of the fore limb. The paw was brought 
very near the point stimulated. (D36, No. 22) A slight upward 
movement of the homoiateral fore leg followed stimulation, (D38, 
No. 24) Stimulation led to an eye wink of the still unopened eye 
and was then fcllowed by the paw's being raised toward the point 
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stimulated. The liend Was also raised as a result oi neck extension. 
[D40, No. 28] N. R. (IHl, No. 29) Writhinn; of the trunk 
muscles with flexion and extension of nil four limbs followed stim- 
ulation. (1J43| No. 31) The touch of the needle led to violent ro- 
tation of titc hc.-id and aiicnmi' and closing' of the mouth. The 
liomolatcral fortt Ici; was then hruuKht up .so that it hnished the 
stimulated spot. (D44, No. .12) Stiniul.ilioii led to n sudden dor- 
sal flexion of the neck ami consei|uenl movini; away of the head, 
followed after several seconds by a slow precise raising of ilie liomo- 
latcral fore Icr to the exact sp(»t .sthiuilatctl. {D46, No, 34) A 
somewhat delayed response of the huinolnteral leg took place to 
slimiilation, sucli timt the paw actually pushed nfrainst the needle 
which was still in contact with the skin. After this, the hnmolatcral 
fore leg was raised so iliat k rc.stcd between tlic eye and car and 
then was bniught slowly down the face until tlie paw was held over 
the snout where it renuined "prufcctiiig" the recently stimulated 
spot for some time. (D48, No. 37) The pressure stimulus led to 
local twitch of the pad; so did the needle. (L)49, N()< 38) Stim- 
ulation Jed to local contraction of the muscles and a slight twitch of 
the fore limh nnJ vigorous trut responses of the honiointcral hind 
limb. Tlic body was then flexed sii ns to bring ilie hind limb to- 
ward the point stimulated. The fore leg wa.s then "curled'* under 
the chest with flexion at all joints. Drushing the vibrissnc now grow- 
ing from the vibrissac pad in bucIi a way as nut to touch tlic skin 
elicited a more violent response than Actually strongly pressing the 
skin nt the base of the vibrissnc with the needle, (D51| No. 41) 
After stimulation both fore legs were brought up and brushed past 
the snout. (D52, No. 42) Tlic neck extended after stimulation 
and the posture was m.iintaincd for some time. Then nil four limbs 
were extended away from the body. Several eye winks of the still 
unopened eye took place also. (1)53, No. 43) Slight extension of 
the hoinolatcral fore leg followed stimulation. A repetition of the 
stimulus led to a mere twitch of the homulatcral limb. (D54, No, 
44) The stimulus was applied with increasing pressure till the skin 
was pierced, but no response other than a twitch uf the muscles un- 
derlying the pad occurred, The same rcspiu^at was given to a mere 
touch of the vibrissnc themselves. (D54, No, 45) Sthnilntion led 
to a quick upward tlirusC of the left fore leg and then two or three 
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alternate paddling thrusts. (D55, No. 46) Local contraction of 
the pad followed stimulation. Each separate hair seemed to be in- 
dependently erected. Then a pronounced writhing of the trunk 
muscles took place, and the homolaternl and heterolateral fore paws 
were brought up to the head. The hillocks at the base of each hair 
became white as the vibiissae -were erected. ^D56, No, 47) Stim- 
ulation led to a strong rotation of the head, an upward thrust of the 
homolatcral fore leg, and a slight raising of the homolateral hind 
leg. (D57, No. 48) Stimulation led to a twitch of the muscles 
of the neck. (D58, No. 49) No response to stimulation, no mat- 
ter how strong the stimulus. (D59, No. 50) Stimulation was fol- 
lowed by the homolatcral fore leg's being brought up sharply so as 
to touch the spat stimulated. The toes of the active limb were 
sharply flexed. (D61, No. 53) Stimulation led to a flexion of the 
neck, thus slowly bowing the head of the fetus and removing it from 
the region where it had been stimulated. (D62, No. 54) The 
moment the pad was pricked the head turned sharply away from 
the stimulus, This was repeated again and again, (D63, No, 55) 
Stimulation led to a slow and maintained eye closing, slight head 
bowing, with siiort movements of the homolateral paw toward the 
point stimulated. 

78. Needle Stimulation of Brow (Summary only). Stimulation 
of this sort led to no responses until the 36th day and at that day 
only in one fetus for one of the two litters studied (No. 22). The 
response was a slow rotation of the head and a twitch of both fore 
legs. At later periods the responses released were mainly the spe- 
cial head reflexes. In no case were the responses noted as especially 
vigorous or strong. 

79. Needle Slhnulation of Side-back “C” (Summary only). 
Lateral flexures and dorsal and ventral extension and flexion of the 
trunk, including neck and rump, seemed to be the most characteristic 
responses released by this sort of stimulation. Rhythmic movements 
of the limbs were also elicited in many cases, This response was 
indeed the first to be observed as a result of this form of stimulation 
at 34 days (No, 17). At the 62nd and 63rd days (Nos, 54, 55) 
scratcj] reflexes were released. No indication of violent response 
or of the behavioral signs of pain were noted. 

80. Needle Stimulalmi of the Rump (Summary only). No 
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response to this form of stinmlaiion was elicited till the 38th day 
(No. 24). At that lime the protocol reads, ‘'Stimulation released 
pa(Icl(m(r movcinettts of nil four paws nnJ a (Icxion of the rump re- 
gion such that the rump was pulled in between the Itind legs.'* This 
is very typical of all the later responses to the stimulation of this 
area by the needle. None of these responsts was especially vig- 
orous. 

91, Slitnulaihn of /fMomen Side "'A" (Summary only), 

Thi.s area was relatively insensitive to stimulation. Adduction to 
the belly of the hoinolatcrnl hind limb, activity of the other limbs, 
and local muscle response were cliaractcristic reactions. The limb 
response pattern apiicarcd at 36 days (No. 22), the local muscle 
response nt 43 days (No. 31). 

82. Slmuiaihn of ihe Front of the Nose by a SitipJt-brcak 
Shock (Abbreviated prutneo)), (Note; J»i order to use electrical 
stimulation for areas 82 to 93 inclusive small platinunvwirc elec- 
trodes were applied to the area to be stimulated, which was for the 
purpose ))cl(l above the surface of the batli. Jion'cvcr, t))c surf, ice 
of the animal was always still moist. In the ease of the single- 
break shocks and of the fiiradie current the incluctorium was ad- 
justed EO that the shocks were just perceptible to the humrn sub- 
ject, Some further adjustment was at times made after the elec- 
trodes had been applied to tlte Ictus. In nil eases the response from 
loucliiny the fetus by the electrodes was allowed to dissipate itself 
before the electrical stimulus was given. For early responses to this 
sort of stimulation soc first sections of protocols.) (F)34, No. 17) 
A slight upward movement of the head, nccompnnicd by a bruslung 
movement of the fore leg, followed stimulntion. (D38, No. 24) 
Alter stimulation the mandible was elevnted and nil four legs 
twitched. (D40, No. 28) An upward thrust of both fore legs 
followed stimulation, (D4i, No. 29) A slight contraction appar- 
ently Involving most of the muscles of tlic trunk followed stiinuk- 
tion. (D43, No. 31) Stimulation led to an upward movement of 
fore legs toward but not touching the snout, (1345, No. 33) A 
wink of the still unopened eyes and n sharp flexion of the liomulatcral 
hind leg followed the application of the stimulus. (1346, No, 34) 
A wink of the still unopened eye followed sunmlatiua, 7'hc liomo- 
latcial fore leg was then hexed and the limb brought up to the side 
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of the face. The paw flexed during this movement. (D49, No. 38) 
Stimulation led to the head's being slightly thrust forward. The 
nostril then dilated and contracted and the fore paws were twitched. 
(D51, No. 41) A twitch of the musculature around the electrodes 
and a wink of the still unopened eye followed stimulation. (D52, 
No. 42) The trunk and limbs executed a quick writhing movement 
which especially involved the homolateral leg, which was adducted 
to the nose but not so as to touch it. (D53, No. 43) A rotation 
of the head away from the stimulus and an extension of both fore 
legs away from the body resulted from the shock stimulus, (D54, 
No. 44) A localized corrugation of the vibrissae pad followed stim- 
ulation. (D54, No. 45) A violent extension of the neck muscles 
and backwiird toss of the head followed stimulation. (D55, No. 
46) Stimulation led to a jerk of the head. (D56, No. 47) An up- 
ward thrust of the heccrofateral fore leg and a turning away of the 
head followed stimulation. (D57, No. 48) Contraction of the 
muscles about the eye and an ear twitch both followed the stim* 
ulus. (DS9, No, 50) A violent twitch and twist of head and a 
violent outward thrust of the legs occurred after stimulation. (D60, 
No. 51) A twitch of the head followed stimulation. (D61, No, 
53) Responses involving trunk and limbs in a typical "struggle'* 
reaction followed stimulation. (D62j No. 54) A sharp upward 
thrust of the fore leg followed stimulation. (D63, No. 55) Stim- 
ulation led to a dilation of the nostril, together with a slight Rexion 
of the fore paw. 

83. Siwuilnlion of Area ‘"B" of the Pinna by a Single-break Shock 
(Summary only). Because of the size of the electrodes no stimulation 
of this area was tried before the 37th day (No. 23). This animal 
gave a local contraction of the pinna, which may well have been a 
direct muscle response. In later fetuses the pinna reflex was still 
the characteristic form of response to this sort of stimulation, but 
general head movements, the other head reflexes, and indeed limb and 
trunk movements were also occasionally elicited. 

84. Single-break Shock Siimulaiian of Side of Back ”B“ (Sum- 
mary only). Local muscle response, flexion or extension of all limbs, 
and general trunk movement followed this form of stimulation. In 
a few instances the homolateral hind leg was adducted to the stim- 
ulated spot. 
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85. Singlc’l/retib Shack Stimulalion of /ILfiomen Side ‘'B" (Sum- 
mary only) , Folldwinp npplicntion of the stimulus tliiirc was a local 
response of tlic muscles near the electrodes and an assortment of 
trunk and limb rtuivcrncius, which did not seem to follow any par- 
ticular pattern, The first response was at 38 days in No, 24. 

86. Angle of Lip (Faradic) (Abbreviated protocol). (Notci 
Stimulation Riven ns dcscrihcil under No. H2 nhnvc.) (D34, No. 17) 
Stimulation led to viulcnt paddliitR or trot movements with all four 
kgs, (D40, No. 28) (Jencral trunk and limb responses occurred. 
(D41, No. 29) A localized brusliinR inovciuent of the homolatcral 
paw louchioR the point stimulnlcd followed tl^e brie! stimulus per- 
iod. (D43, No. 31) General trunk activity followed stimulation. 
(D44, No, 32) A du\mv(ird extensor thrust of the liomolatcral 
fore kg followed stiiiuilalioii. (D45, No. 33) After stimulation the 
tongue was retracted, the lower lip twitched, and the homolatcral 
hind leg was hrought up sharply to the belly. (1)46, No. 34) Cor- 
riiRatioii of the vibrissac pad, wink of the still closed eye, and a twitch 
of nil four legs followed stimuhilion. (1)49, No. 38) An elevation 
ol the lip find nexioo-oxtensinn sequences of movement in botli fore 
kg$i resulted (tom stimulatiuii. (051, No. 41) Siimuiution rckasci] 
general body and limb rcs|x>nscs. (1)52, Nu. 42) Pioiumnccd re- 
sponses of the trunk and all Ihiibs were released by the current. 
(D53, No. 43) Au extensor thrust of the hind and fore kgs fol- 
lowed stimulation, The head thcii turned and the luc.al muscula- 
ture contracted. (D55, No. 46) Stiinulation led to a quick jerk 
of the licnd and general mouth movements. The fore paw was 
then brought up to the spot stimulated anil both liind limbs were 
extended and tlic trunk gave a twitcli. (1)56, No. 47) Stimulation 
led to mouth movements and n turning away of the Iwad. After 
this both forelegs were brought up and extended, and the hind legs 
were extended away from the body. (D57, No. 48) Eye wink fol- 
lowed stimulation, (D60, No. 51) Extension of nil four legs and 
of the neck followed stimulation. (D61, No. 53) GenernI struggle 
response resulted from stimulation. (DG2, No. 54] btimuliition led 
to ii contiaction of the local inusculaturc. T'hc immolatcral fore 
kg wiis flexed to the chest and the head extended ni\d thus pulled 
away. (D63| No. 55) Stimulalion led to n head twitch. Jaw move- 
ments, the raising of the fore paw, and a twitch of both hind legs. 
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87. Faradic Sliviulntion of Side Face (Summary only). 

At 40 days (No. 28) wink of the still unopened eye, neck and 
fore leg hexion took place. This was the characteristic pattern of 
response released by stimulating this area in all later fetal stages, 

88. Faradlc Sihnulatiau of Area "A" of the Pinna (Summary 
only). At 34 days (No. 17) general limb movements were re- 
leased. At 40 days (No. 28) pinna reflex and eye wink of the still 
unopened lids occurred. From tlut time on the elicitation of the 
head reflexes and of fore-limb movement was characteristic. 

89. Faradlc Stimulation of thfi Back of the Shoulder (Summary 
only). Local contraction of the skin near the electrodes, trunk 
flexion, and movements (flexion or extension) of all four legs typi- 
cally followed stimulation here after the 40th day. 

90. Faradic Simulation of the Ru7np (Summary only). At 
40 days (No. 28) the response recorded to this form of stimulation 
is; "A local contraction of muscles, an inward curving of the tump, 
and a slight flexion and then extension of the hind legs," This was 
characteristic of the responses to stimulation in this region up to 
the last recorded obscrvntion in a fetus of 62 days. This pattern 
of behavior was similar to that elicited by stimulation at Nos, 26, 
27, and 80, 

91. 92. Faradic of Hind-foot Toe and 

Front-foot Toe "A” (Summary only). In both of these areas the 
typical response was either a flexion or extension of the toes and 
either a flexion or extension of the stimulated limb. Other limb 
and trunk movements occasionally occurred. There was no indica- 
tion of especially strong responses. 

93. Faradic Stimiilatioji of Tongue (Summary only). The 
mechanical difficulties of applying electrodes in this area make the 
results secured by this sort of stimulation questionable. Trunk, limb, 
and local mouth movements were all elicited, however. 

93. Faradic Stimvlaiion of Tongue (Summary only), The me- 
chanical difficulties of applying electrodes in this area make the results 
secured by this sort of stimulation questionable. Trunk, limb, and 
local mouth movements were all elicited, however. 

94, 95. Temperature Stimulation at the Side of the Face 
(Area ’’D") and the Side-back (Area “'C”) (Summary only). In 
order to stimulate the fetus with temperature, the organism Was 
first raised until the body area to be stimulated was just above the 
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surface of the bath. A lew drops ol water Irotii the bath were 
then dropjicd upon ihc skin to test lor pressure responses to the 
falling^ drops. The drops were allowed to fall n few mm. only, 
In tlic 34 cxperiincntnl stiiniilations only three nr four times did 
any rcBponsc lullow this form of stintulatum and In these cases it 
■was very sIIrIu. The temperature stimuli used were relatively in- 
tense. In A later stitdy less ni.'irkcd icjtipcrnturcs will be studied, 
In the present experiment cold stimuli of 2" and 4“ C. and Warm 
stimuli of 70" niid 75" C, were used for the most part, although 
response to lemperaiurc of 19° C. was recorded in one case. The 
responses released by the cold and Wiirm stimuli were for the most 
part similar and involved many muscles of the trunk and limbs. 
There was a ij’pical difference bct>vci!n the stimulation of the face 
and the side, in that the face stlmulntiun did in many cases lead to 
the rnising of the liomulatcrnl fore limb toward the place stimulated, 
Unmistnk.ahle responses to temperature stimuli >vcrc secured in typi- 
cal fetusc.s from the J5th day to the 62nd day. It must be noted 
that in each stimulus recorded above pain may have been involved 
because of the extremes of temperature used. 

96, 97, 98, 99, 100. /fj A'/iffiu/o/wf aficr lliffli Cervical Seeiion of 
ihe Sfiinal Cord (Summary only). Without interfering with the 
placental blood supply, a quick incision was made in the neck in 
certain of the fetuses studied and then tlie wliolc spinal column and 
cord was severed by sharp cut of a small pnir of surgical scissors, 
The fetus ordinarily died in a slmrt time after this very crude op- 
eration, presumably because of loss of blood. The many serious 
faults with the tcelmiquc described are obvious. 'I'hc results given 
below arc therefore presented as suggestive racher than as satisfac- 
tory experimental findings. Tlic cord section was usually in the 
rnid-cervical region. In the summary of findings presented here no 
effort will be made to follow the areas of the chart, but the be- 
havior of each fetus studied will be hrle/ly summarized, 

(D 37 , No. 23) At the moment of cutting the spinal cord a dcli- 
nite, pronounced, simultaneous flexion of both hind legs occurred. 
The lids of the still unopened eye responded hy winking when di- 
rectly stimulated. For approximately 30 seconds after transection 
of the cord no reflexes of those tried couUl be elicited, .save the or- 
bicularis just noted. After this, limb responBivencss returned. Seim- 
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ulation of the pads at ihe base of the paws (fore and rear) led to 
extensor thrusts of greater magnitude, it seems, than in the intact 
animal. When the fore legs were mechanically bent they returned 
the pressure in an exaggerated form. (D40, No. 28) After the cut 
there seemed to be increased tonus of the fore limbs. Reflexes were 
maintained in- the hind legs. Eyelid and pinna reflexes were also 
maintained. No paddling or general limb movements, however, oc- 
curred. (D41, No. 29) After a very short interval following sec- 
tion both fore legs became rigid. This was not true of the hind 
legs. Reflexes could not be elicited. To passive flexion of the fore 
and hind limb, however, the ^position to which the limb had been 
bent was maintained. (D43, No. 31) After transection no move' 
ment of the pinna could be elicited, but the unopened eye did wink. 
Stimulation of the head region had no effect on the trunk or limbs, 
but stimulating the fore limb did lead to responses in the hind limb 
and stimulating the hind limbs led to a flexion in the fore limbs. 
Trot reflexes of long duration were then initiated in the fore limbs 
and the hind limbs stretched out from the body holding long-main> 
tained extensor tonus. (D44, No. 32) After transection there was 
an exaggerated extensor thrust of both fore legs, when touched with 
the stimulus hair on the bottom of the interdigital pads. There was 
slso n <iutck active extension and tanning of the toes. Virtually the 
same condition prevailed in the hind legs. Movements seemed to be 
much more intense, vigorous and uncontrolled than they had been 
in this fetus before transection. (D45, No. 33) After transection 
stimulating the angle of the lips led to a wink of the still unopened 
eye. To a stimulation of the hind limb an extensor thrust occurred, 
which was also followed by an extensor thrust of the heterolatcral 
fore limb. The hind limbs were then both extended and main- 
tained with a marked rigid tonus. Stimulating the elbow of one 
fore limb led to a flexion of the heterdlateral hind limb. (D46, 
No. 34) After transection an extreme rigidity of both hind legs 
took place. The right fore leg was then extended and brought down 
to and touching the hind leg. The left fore leg was then flexed and 
maintained flexed. After this rigidity passed from the hind legs. 
Stimulation of the unopened lids led to a "wink” although there was 
no response to stimulation of the concha. Very slight touch stimuli 
led to responses when the hair was applied to the hind legs, fore 
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legs, or Hbdomcn. (D4a, No, 37) Alter transection stimulation 
oi the n/jfiJc oi rJ]e Jip Jed lo movement of tlic facial muscubturc 
and of the lips. Stimulntin^ lltc hip led to a lateral flexion of the 
spine, and a touch of the intcrdigilnl pad of the fore paw led to a 
violent: cupping and pushini^ movement with toe extension and shak- 
ing of the head. StronR liypcr-acliviiy in general characterized the 
animal. Passive flcxicin of the fore Umli led lo general "stvuRglc" 
responses. (D49, Mo, 39) Iminedintcly after transection trotting 
movements of all four legs began. These movements stopped in the 
hind legs first, but continued in llic fore legs for some seconds, Ex- 
aggerated extension of the toes of the hind leg was elicited by stim- 
ulating the intcrdigital pads, and exaggerated llcxinn or cupping in 
the digits of the fore paws occurred to similar stimulation. In both 
of these eases there was no doubt (hat the rcsputisc was exaggerated 
in comparison with any response elicited in tliis fetus previously. 
(D51, No. 41) After transection the hind kgs were markedly ex- 
tended and the fore legs executed paddling movements. In the 
rhythm of the fore-leg movements there was something of the repe- 
tition charnctcrizcd as the "trot." Lower-jaw, mouth, tongue, lip 
movement, and definitely sucking rcspunsc.s fnlimved .siinuilation of 
the corner of the lip. Stimulation by pressure on the wrist led to 
an extension of the toes of the stimulated fore limb. Stimulating 
the intcrdigital pad of the fore foot led to wrist extension and the 
fanning of the toes. Stimulating the same pad on the hind paw led 
to on extensor thrust .and a rhythmic ami alternate cupping and 
fannirig of the toes. Stimulating the conclLn led to sucking inovc- 
incnts, but no responses of limb or trunk. In general, a response 
such as n flexion of the toes was more pronounced than in the case 
of the normal fetus. (D52, No. 42) After traiiscctior\ pronounced 
rigidity of the hind kgs, rapid paddling movements of the fore legs, 
which then passed over into a somcwlint iriiintaincd rigidity, fol- 
lowed stimulation, Slight rhythmic action in hind legs was also 
noted, A touch of the intcrdigital pads of the hind paw led to a 
violent extension of both hind limbs witli n marked flexion of all 
toes, (D53, No. 43) After transection stimulation led to continued 
paddling movements of both fore kgs and un extension of the trunk 
below the cut. The forc4cg movements c<intinued for a few sec- 
onds, then stopped. Touching the corner of the mouili led to a 
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contraction of the musculature around the nostril. An eye v^Inlc of 
the still unopened lids vifith a maintained contraction also occurred. 
Touch on the hip led to no response, not even to a deep pressure 
stimulus. A touch of the intcrdigital pad of the hind paw led to 
a slight extension of one digit. (D55, No. 46) Immediately after 
the cut a pronounced extension of the fore and hind legs took place 
■which involved a rhythmic movement in the hind legs with pro- 
nounced extensor tonus maintained. A touch in Che coiner of the 
lip led to tongue movements. No response occurred to the touch 
of the hip, but to touching the pad at the base cf the fore paw an 
extensor thrust took place •which was followed by decreased tonus. 
No response resulted from stroking the abdomen, (D57, No. 43) 
After transection the paw reflexes were difficult to elicit, but did 
appear. In general, the movements were somewhat slower and with 
a more continued tonus than in the normal animal. (D59, No. 50) 
After transection no response to the corner of the mouth took place. 
Touching the hip led to a contraction of the muscles around the 
anus. A touch of the interdigital pad of the plantar surface led 
to a violent withdrawal of the limb, (D60, No. 51) After tran- 
section paddling movements of the hind legs took place. The fore 
legs were not active, but were still sensitive to stimulation. Head 
and trunk responses occurred to appropriate stimulation, (D63, 
No. 55) Touch stimuli did not elicit response. However, pro- 
nounced responses did occur to strong stimulation by forceps and 
by passive-flexion movements of the limbs. The section was high 
in the cervical region and the eyelid reflexes seemed to have been 
abolished, as were the pinna reflexes. 

101, 102. Rotaiion and Past-rotation in Air-breathhi^ Fetuses 
(Summary only). Several fetuses of an age to be able to breathe 
when placental circulation was interrupted were tested on a turn- 
table. This experimentation was not done systematically, but there 
was no doubt of compensatory head and trunk movements, both 
before and after rotation in fetuses cf 65 days. These responses will 
be further studied. 

103, 104. Passive Flexion of Lhnbs. Incidental notes in regard 
to response to this form of stimulation have been given above. It is 
not given in detail here because it was always complicated by pressure 
produced at the point at which the limb was grasped to produce the 
flexion. 
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CONCLUSIONS 

A number of protocols and summaries have been 
presented above, in as complete form as feasible in the 
available space, in order to make clear to the reader 
the complex nature of the behavioral life of a series of 
fetal guinea-pigs of increasing gestation age when such 
behavior is released at each stage by the stimulation 
of definitely located receptor areas. Table Z presents 
an abbreviated summary of the general locus of the first 
response and the date of such response in relation to 
the special receptor areas stimulated. 

The actual picture of fetal behavior gained by read- 
ing the protocols is more important and more true than 
any summarizing statements which may be offered. 
The conclusions presented below should, therefore, 
be evaluated in the light of this fact. 

1. Heart heal was the only oclivily observable in 
ike youngal fetuses studied in this investigalian. This 
finding is in accord with the reports of many previovis 
investigators upon comparable mammalian fetuses 
(76, 104*, 15), For reasons that need not be reviewed 
here heart beat is not considered to be '‘behavior*’ as 
that word is used in this paper. The fact, however, 
that heart beat may lead to passive movement of the 
head in the cat fetus has been noted (101). 

2, Before any behavior was observed the skeletal 
muscles of the still immobile fetus could be made to 
resfond by direct electrical slimulation. Tiiis finding 
is in accord with the previous observations of a num- 

[+ 22 ] 
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TABLE 2 

Age of 


Receptor area stimulated 

fetaa 
at firat 
reaponse 

1, 

Angle of lip 

32 

2. 

Vlbrissae pnd "A" 

32 

3. 

Vibrissae r^d "B' 

32 

4. 

Nostril 

32 

j. 

Frcnt nose 

32 

£. 

Side face "A" 

34 

7. 

Side face "B" 

37 

8. 

Side face "C" 

32 

9. 

Side face "D” 

34 

10. 

Eye (when open) 

56 

11. 

Lower eye lid 

32 

12. 

Upper eye lid 

34 

13. 

Brow 

40 

14. 

Crown 

34 

IS. 

Concha 

31 

16. 

Pinna "A" 

32 

17. 

Pinna "B" 

37 

IS. 

Neck ventral 

32 

IP. 

Neck dorsal 

32 

20, 

Side above shoulder 

34 

21, 

Back above shoulder 

34 

22, 

S’ide-back "A'* 

32 

23, 

Side-back "B” 

35 

24. 

Side-back "C" 

3B 

25. 

Side-back "D" 

38 

26. 

• Rump 

36 

27. 

Hip 

32 

2S. 

Anus area 

35 

29. 

Knee 

34 

30. 

Leg 

35 

31. 

Foot "A'' 

38 

32. 

Foot "B" 

35 

33. 

H. toe "A” 

34 

34. 

H. toe »B" 

*35 

35. 

H. toe ’'C" 

•40 

36. 

Abdomen side “A" 

34 

37. 

Abdomen side "S" 

32 

3B. 

Shoulder 

34 

39. 

Elbow 

34 

40, 

Fore arm 

35 

41. 

Wriat 

34 

42. 

F, toe "A" 

32 

43. 

P. toe "D" 

■41 


Generii) locua of Jirat reapooae 

Neck and fore limb 
Neck and both fore limbs 
Neckj trunk and both fore limbs 
Neck and fore limb 
Fore lirbb 

Caudal trunk and fore limb 
Fore limbs 

Neck, fore and hind limbs 
Trunk, neck, and fore and hind 
limbs 
Eye wink 
Fore leg 

Neck and fore leg 
Wink of unopened eye and pin- 
na reBex 
Neck 

Fore limb and neck 
Trunk 

Pinna and palpebral reflex 
Fore and hind limb 
Fore and hind limb 
Fore limb and shoulder girdle 
Trunk, neck, fore and hind legs 
Hind limbs 

Local subcutaneoua muscle re- 
sponse 

Rump, fore and hind limbs 
RumPi fore ard hind limbs 
Trunk, fore and hind limbs 
Trunk, fore and hind limbs 
Fore and hind limbs 
Fore limb 

Fore and hind limbs 

Digit Bexian 

Fore leg 
Hind limb 

Digit extension, fore and hind 
^mbs 

Digit and ankle movement 
Hind limbs 
Trunk 
Fore limb 

Fore limb and digita 
Fore limbs 
Neck and limb 
Fore limb and neck 
WfUt and limb 
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TADLE 2 [Contiiiuc(I) 

Age of 
(clui 


at riroi 

Receptor arcii ilimiilated response 

44. 

F. toe ' 

NO 

45, 

F. toe "D" 

Ml 

44. 

Doritil niid'linc snout 

35 

47. 

D, M. U crown 

« 

4B. 

D. M. t. neck 

35 

49. 

D. M. L, shoulder 

32 

50. 

D. M. I- hack 

38 

31. 

D. M. U, hip 


52. 

D. M. h- rump 

31 

53. 

Vciurol mid-line snout 

36 

54. 

Lip groove 

35 

55, 

Upper f!um 

32 

56. 

Lower 

35 

57. 

Tongue 

16 

58. 

Fad nt bnsc F. digit 

32 

59. 

Arm boHC light 

34 

60. 

Ann base left 

34 

61. 

Epifiaitric stroke 

34 

62. 

Uiiibilicnl coed 

— 

61, 

(jmbilicnl redcK itruke 

31 

64. 

External Renilnl reiiion 

36 

65. 

IHaniar iiimijiallaii 

35 

66. 

Blow for Acliillei jerk 

— 

67. 

Leg 

3B 

6B. 

Cremasteric stroke 

38 

69. 

Blow for jnw jerk 

— 

70, 

Tnstc ilirnuli ni noted 

— 

71. 

Probe in moiil]i 

34 

72. 

Mngmis bead turning 


73. 

Light stimulus (Eye open 
nnliirnlly ur by opera- 



lion) 

41 

74. 

Blow for triceps jerk 

— 

75. 

Auditory silmuU as tiolcd 

63 

76. 

Smell stirmili ns noted 



77. Vibriainc pad "D'* 

(Needle) J4 

7B. Brow (Needle) 16 

79. Sidc-bKctc "11" (Neeille) 34 

BO. Rump (Needle) 3B 


(iciieral Incus of fust reiponae 

Digits and^ limb 
Digits, wrist, elbow, slioulder 
Fore nnd hind limbi 
V\mA, fore pnwi 
Neck, fore nnd hind limbi 
Trunk, neck, fore and bind 
linilii 

Lucnl aubcutnneoui muscle, fore 
nnd bind limbs, neck, jaw 
Neck, fore and bind linibi 
Rump 
Fore limbi 
Neck, fore limbi 
Fore limbs 
Neck, fore limbi 
Tongue inovcinciu 
Fore limb 
Fore limb 

Trunk ainl fore limb 
Hump aiul liliid limbi 
No direct response ni any time 
Hump and hind linibi 
Sidicuianeniii muscles snd hind 
limbi 

Rump, bind limbi 
Difliciiky of iiimnlailDn mokes 
response in doubt 
Hind limbs 
Hind limbs 

Difticully of niimiilolion makes 
rcspuiiic in doubt 
DiflicuUy of siiiinilniion makes 
response iri doubt 
Fore limbs 

(see prolocoli) 


Iris response 

Uiniculiy of BtiimilntlDn mokes 
fciulii in doubt 
rinnn response 

DilHcutt/ of siimulnlian makes 
rciponse in ibiulii 

Fore liinl)fl 
Nct'k mill fore limb 
Fore and biwd limbs 
Rump, fore nnd bind limits 


nnHAVion. in tHB prenatal guinea-pig 
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TA13LE 2 {Continued) 


Age oi 
fetus 
at first 

Receptor area stimuhted response 

General locus of first response 

81. 

Abdomen side "A" (NcedJe) 

iC 


B2. 

Front nose (Single-break 




Bhock) 

34 

Neck and fore limbs 

83. 

Finns "B" (Single-break 




shock) 

37 

Pinna response 

8f. 

Side-back "D" Single- 


Local muscle contraction, fore 


break shock) 

34 

and hind legs, trunk 

83. 

Abdomen side "D" 




(Single break shock) 

3B 

Trunk, fore and hind limbs 


Angle of lip (Faradic) 

34 

Fore and hind limbs 

ar. 

Side face "B" (Firadic) 

40 

Falpebrtii reRex, neck, fore 




limbs 

83. 

Pinna "A" (Faradic) 

34 

Fore and hind limbs 

69. 

Back above shoulder 




(Faradic) 

40 

Trunk, fore and hind limbs 

90. 

Rump (Faradic) 

40 

Trunk, fore and hind limbs 

91. 

H. toe ‘'C" (Faradic) 

40 

Hiad limbs 

92. 

F. toe "A" (Faradic) 

40 

Fore limb and digits 

93. 

Tongue (Faradic) 


Difficulty of stimulation makes 




results in doubt 

94. 

Side-face "D" (Warm 




and cool) 

J5 

Trunk, fore and hind limbs 

93. 

Side-back "C" (Warm 




and cool) 

35 

Trunk, fore and hind limbi 

93. 

Angle of lip (Freesure, 




etc., after high cervU 




cal section) 

(See special protocols) 

97. 

Hip (Pressure, etc., after 




high cervical section) 

(See 

special protocols) 

98. 

Fad at base F. digits 




(Pressure, etc., after 




high Bcrvico) section) 

(See 

special protocols) 

99. 

Epig.*istrlc stroke (Pres- 




sure, etc., after high 




cervical section) 

(See 

special protocols) 

100. 

Plantar stimulation (Pres- 




sure, etc., after high 




cervical section) 

(See 

special protocols) 


' In these cases the da)' given is the first day on which the area had been 
stimulated. 


ber of investigations on comparable fetal material 

(43, 103, 65). 

3.. In a 28-day fetus behm)ior involving skeletal 
muscle response ^without electrical stimulation was ob- 
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served for the first lime. This is in virtual agreement 
with the earlier work of Preycr and Yanase, who set the 
onset of motility in the fetus of the guinea-pig at about 
4 weeks (76, 104) . 

4, The first observed responses occurred "sponlane- 
ousiy/' thnl is^ m n result of unkno^xon causes. These re- 
sponses were in fetuses in which muscular reactions had 
not ns yet been released by experimentally applied ex- 
teroceptive stimulation. In other words, Preycr's gener- 
alization, 'V/e Sensibilitdl trill rcfjcl iniissitj spiiter oaf, 
als die Molilitdt" (76), was verified in the onset of be- 
havior. This finding is in harmony with the observa- 
tion on other fetuses made by previous investigators, 
although it is possibly not true for all fetuses (77, 93, 
100), It is conceivable (hat the mcchanicnl changes 
incident upon opening of the uterus in our preparation 
lead to proprioceptive (deep pressure?) stimulation of 
a sort not provided by our exteroceptive pressure 
stimulation. If this is the case, tlic “unknown cause” 
of the first spontaneous inovcmcnls is proprioceptive 
stimulation and its definite "reflex” form is more easily 
understood. Windlc, Orr, and Minear hold that the 
proprioceptors may be the first functional receptors in 
the cat fetus (103). Later "spontaneous” movements 
may result from interoceptive or other general activa- 
tion of previously established response systems and 
thus present a more typical picture of what has some- 
times been called spontaneous "mass behavior.” 

5. The first ^^sponfancous^* monsevient observed v)as 
a lateral flexion of the neck and a synchronous and 
possibly independent movement of the fore limbs. This 
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finding is not absolutely conclusive in regard to a 
vexed problem of the present time concerning the 
origin of limb movement. Windle and his collabora- 
tors, as suggested above, hold that the first movement 
observed in the cat is of the nature of a specific reflex 
(101, 103). Coghill, Angulo y Gonzalez, and others 
(13, 4), on the other hand, working with other fetuses, 
hold that the first movement is a generalized trunk 
response, later involving passive fore-limb movement 
and then independent limb movement. Windle and 
Orr find that the first spontaneous movements of chick 
embryos are ventral trunk flexions, but the first re- 
sponses to exogenous stimuli in this organism, which is 
observed some days later, is a wing reflex (67, 102). 
The author has further experiments in progress which 
will assist in settling this point so far as the guinea-pig 
fetus is concerned. 

6. The first sensory aYea from 'which behavior •was 

released in the present study was Region 15, the concha 
of the ear. This occurred in a fetus of 31 -gestation- 
days’ age. At this time no other cutaneous area re- 
leased responses, when stimulation was applied as it 
was in this study. Windle reports that in the cat fetus 
the “first reflexogenous zone“ included the nose, 
cars, and in general, most of the head . . . (100). 

7. In general, responses at every stage are a func- 
tion of what were called in the introduction of this 
paper (a) modes of stimulation and (b) variable con- 
ditions of the organism. 

8. The first stimulus-released response noted in the 
study may he characterized, at its first appearance, as 
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a pallcrn of b\:l\amor,\ohich iHuo/un a relationship be- 
tween neck flexion and fore-limb movement. More- 
over, this "pattern of behavior" proved to be character- 
istic of the "pattern" which was typically released by 
stimulatinj^ the concha during; the whole period of fetal 
life. An observation similar to this seems to have been 
made by other investii^ators, but little emphasis has 
been previously placed upon its "patterned" character. 
It is quite possible, however, that neurological study 
will demonstrate that the hcad-iviovcment and limb- 
movement aspects of the response are to some extent 
independent mechanisms at this age. 

9, Many of the paints indicated on the G/uiri of 
Receptor Areas, when stimulated, release behavior 
jrom the first which in spite of very yreai vayiabilily 
could always be considered as a special “pattern of 
behavior/' A consideration of the protocols given 
above demonstrates this fact. The simultaneous pres- 
ence of secondarily released behavior, as explained 
below, sometimes tends to "mask" this pattern. The 
term "pattern of behavior" as used here and in other 
parts of this study is not intended to imply in a se- 
quence of beliavior any mystical sort of "totality," 
“inner organization," or the like, but merely to char- 
acterize various relatively complex scries of responses 
which are recognizably similar in some respect. Pat- 
terns are characterized as similar, that is, as partially 
identical, either because the elementary responses com- 
posing them arc identical in absolute magnitude of 
movement and in absolute time relationships, or are 
recognizably proportional, at least in part, to each 
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other in the relationships existing between these times 
or magnitudes. In many ways the logic behind the 
construction of the concept of the “behavior pattern/' 
when that term is used in a non-mystical sense, is com- 
parable to the logic used by Sherrington in the de- 
velopment of his conception of the “type reflex” (81). 

10. Each bekcimor pattern released by the stimula- 
tion of a particular area may be said to undergo a series 
of changes during fetal life. The statement just given 
must be recognized as a metaphorical and qualitative 
expression intended to represent the fact that while cer- 
tain relationships called “a pattern” are maintained, 
at least relatively, other relationships are absolutely 
altered. It should be noted that the author does not 
consider the “pattern” to be “a thing,” but merely as a 
linguistic descriptive device forced upon one who de- 
scribes behavior in words, by the nature of language 
itself. The changes in patterns may thus be called 
alterations of motor diffusion to specific receptor 
stimulation at various ages. To divide artificially this 
intricate continuum, however, which is in a sense 
specific for each receptor area, into .a set of discrete 
stages intended to fit all areas is to do an essential in- 
justice to the facts. For the purposes of exposition, 
nevertheless, it seems that the device of constructing 
arbitrarily “stages" of change in “behavior patterns," 
provided such stages be recognized as pure constructs, 
may not be without value. It should be noted also that 
quantitative study of particular behavior sequences at 
any “stage” would show great variability. Eventually 
quantified stimulus conditions and measured responses 
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must be recorded before completely valid sciejitific 
conclusions can be drawn in regard to these so-called 
stages. With these (lualificntions it may be said that 
the most typical course of development of behavior in 
relation to specific sensory stimulation seems to involve 
the following five stages: 

Singe A- The first release of behavior, in which, 
weakly and incompletely, certain aspects of what will 
later form the typical "pattern" f)f the gross responses 
from tliat area are released. By "gross responses" is 
meant large limb-musclc and trunk movements, If 
the reader will refer to the full protocols given above, 
he will see a number of clear examples of this and the 
following stages as exemplified in the stimulation of 
specific receptor areas. In recently reported work on 
the cat embryo Wiiidlc, Orr and Miiiear (103) have 
described certain very early movements of this sort as 
definite ‘'reflexes." To the present writer this seems 
entirely justified. This obscrvntim» of Windle and his 
collaborators and the (►bservations of the present in- 
vestigation seem sharply to qualify, therefore, the view 
that all fetal development of specific responses is the 
"individuation" of previously existing "mass beha- 
vior." The desirability of the use of the term Reflex 
in this connection is merely a matter of convention. 
Blowevcr, ultimately tlje present writer subscribes to 
the view that such responses may well be called reflexes. 
Skinner has offered the following clear proposition in 
regard to the relationship between general behavior 
and the reflex; "The essence t)f the description of be- 
havior is held to be the determination of functional 
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laws describing the relationship between the forces 
acting upon, and the movement of, a given system. 
The reflex is, by definition, the precise instrument for 
this description” (83). 

Stage B. The pattern of gross movement which 
appeared weakly and incompletely in Stage A is now 
stronger and in many cases more “adaptive" ; that is, 
for example, in the case of area instead of a slight 
bowing of the head and a slight elevation of the fore 
limb, both of these responses are now carried out so 
completely that the point on the ear which has been 
stimulated may be actually brushed by the paw. 

Stage C. Without any necessary change in the 
gross movement pattern considered in Stage A and 
Stage B a fine movement pattern ordinarily involving 
limited and usually small muscle-groups is now often 
released by stimulation which was not in any sense 
present in the behavior initiated by identical stimula- 
tion in previous stages. From this time on, however, 
this response becomes a typical component of the char- 
acteristic behavior pattern released by stimulating 
many specific receptor areas. 

Stage D. As a result of the structural alteration 
underlying changing thresholds of stimulation, or as 
a consequence of a modification in other underlying 
structures and functions, especially those concerned 
with central-nervous-system facilitation and inhibition, 
the pattern of responses released by a given sensory 
area may now frequently become less complete than 
formerly. For example, in this stage, may often appear 
only the eye-wink component of the whole pattern 
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which was previously elicited by the siimiilation of the 
lids. The stages f)Litlincd as A, B, and C are thus typi- 
cal in the history of such definite reflexes as the pd-pe- 
bral, the pinna, atid ninny others, as observed and 
recorded in this study, It should be understood, how- 
ever, that the possibility of cnlling out tlic larger pat- 
tern of which these definite rellexcs were once a com- 
ponent has not been lost, but iiiay be e/Tcctcd by appro- 
priate conditions of the orj^anism or the stimulus at any 
time. In general, tiiis analysis may be seen to be in a 
measure in accord with Coghill’s description of the 
deveJopinent of a reflex as intihtdualed out of a total 
pattern (20). It should be noted, however, that typi- 
ciilly not LinciJ our iV/nr/e C, above, lias this elementary 
component which is later to be “individuated out" of a 
more complex behavior pattern been ciiaractcristically 
apparent at all. 

Sla^e E. Type L In many areas, but by no means 
in all (and notably not in mucous-membrane areas), in 
the latter part of fetal life receptors previously effec- 
tive in eliciting patterns of behavior become ineffective, 
But such responses as arc released arc now often fast 
and precisely localized. The unexpected phenomenon 
of the apparent iinrcsponsivcness of the late fetus may 
not be unrelated to one or more of the following syn- 
chronous changes in the organism: (1) Mechanically, 
in the manner emphasized by Kuo in the chick (52), 
the fetus has now become so large that movement is 
difficult. In many instances in late fetal life the 
organism, on being delivered into tlic bath, requires a 
good deal of stirnulation before it seems to “awaken." 
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This is in sharp contrast to the immediate activity ap- 
parent under similar conditions in younger fetuses. 
(2) The skin has become thicker and the hair coat more 
protective at this period. That this is not the only 
factor involved is attested, however, by the observation 
that needle stimulation as well as pressure is often in- 
effective in arousing responses at this period. (3) The 
head exteroceptors have begun to be functional, and 
there is evidence that higher brain centers have also be- 
gun to be functionally involved in the spinal and brain- 
stem reflexes. This fact is indicated in the alteration in 
spinal reflexes secured in this late period by cervical 
transection as reported above. This shift may indeed 
be associated with an encephalization of function which 
is in some respects comparable to the encephalization 
of function which has been treated in other contexts by 
Fulton and Keller (34), Marquis (60), and others. 
(4) It is possible that fetal respiration is more effective 
in the early than in the late fetus. 

Stage E, Type II. At varying times, in relation 
to different receptor areas, as the period for normal 
birth approaches, the previously recognizable and dis- 
tinct patterns of response come to be merged in new 
and larger patterns which are in a novel way effective 
in changing the orientation of the whole organism, 
rather than a segment of the organism, in relation to 
the activating stimulus. This change may, in certain 
cases, be as much a function of increasing muscular 
effectiveness as of a central-nervous-system alteration, 
It is also often apparently a function of the onset of 
effectiveness in new receptor mechanisms, especially 
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of a labyrinthine sort. (See Dusscr de Barenne, 30). 
A characteristic example of this type of this stage may 
be found in the stimulation of a point, such as the nos- 
tril, which at first releases neck and fore-limb reactions, 
but which by 60 days has come to initiate paddling 
movemciils which arc effective in ‘'avoidance beha- 
vior" in which tlie external observer may see "persis- 
tence by varying means" involving the total, integrated 
organism, Behavior of this sort, if viewed out of the 
context of the cliangcs just summarized in Stages A, 
B, G, and D, is often so complex, variable, and “adap- 
tive" as to seem almost to defy mechanistic description, 
In the light of the stages just outlined, however, such 
behavior typically appears as a new temporal pattern 
of responses which have been present in isolation, under 
other conditions, at previous stages. The onset of this 
type of behavior in relation to certain forms of stimula- 
tion may occasionally, at any rate, begin quite early in 
fetal life. Ill this last stage, then, it seems that a new 
afferent mechanism may initiate processes leading to 
old efferctit mechanisms and to new time relationships 
in the operation of these old mechanisms. As a specu- 
latioa the writer wishes to record the fact that it seems 
not incredible to him at present that a complete knowl- 
edge of this change will make possible an understand- 
ing of “equivalence of stimuli" in KJiiver’s sense (50), 
and that possibly the processes here briefly character- 
ized will rather explain the conditioned response than 
be explained by what has customarily been called con- 
ditioning, 

1 1. Photic sdmtihtfion of the eye may lend to motor 
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responses of the limbs, etc.j before the eyes are normal- 
ly open in the fetus, when such stimulation is made 
possible by an operative exposure of the eye. In spite 
of the fact that a microscope was not used in the ob- 
servations of the eyes, it can be said that the present 
study demonstrates the existence of the iris reflex as 
early as the 41st fetal day. Photic stimulation in later 
fetuses also leads to eyeball movement, eye winking, 
and the activity of other large muscle groups of the 
body. Previous observations in this field have been 
summarized by the author elsewhere (15). 

12, Auditory stimuli released behavior in a 63-day 
fetus after the liquid had been removed from the ex- 
ternal meatus. No evidence of response to auditory 
stimuli on the part of fetuses in situ or under the sur- 
face of the bath was secured, although evidence in 
comparable forms suggests that under certain circum- 
stances such responses may be secured (15). Avery 
reports responses in the fetal guinea-pig to auditory 
stimuli on the 60th day (6). 

13i Needle stimulation (''pain stimuli’^) in general 
released responses which were quite comparable to re- 
sponses released by pressure stimuli rather than to the 
vigorous responses characteristic of the adult animal 
when subjected to pain stimulation. Very little be- 
havioral evidence of “pain," even on actually cutting 
the skin, was secured in this study. It seems, therefore, 
that the prepotency of the noci-ceptors, in the sense de- 
scribed by Sherrington, has not developed in any 
marked degree in fetal life (81). For previous find- 
ings which support this view see Genzmer (35). 
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14. Tcmperalure stiinuU well above and well below 
ike temperoiure of the fclns, when applied to the skin, 
velease behavior. The cxperimeiitaJly controlled tem- 
perature stimuli upon which this statement is based 
■were applied under such coiitrollecl conditions that it 
could be determined that the responses were to tem- 
perature and not to pressure. The sensitivity was first 
demonstrated in the 35-day fetus. The responses re- 
leased, possibly because of the spreading of the liquid 
stimulus, seemed to involve a large number of muscle 
groups rather than a truly specialized behavior pat- 
tern. The possibility that the extremes of tempera- 
ture used in the present study may have involved pain 
stimulation rather than true temperature stimulation 
should be recognized. 

15. In late fetuses compensatory movements during 
rotation and in the immerliate post-rolafional period 
were demonstrated. In the present study these ob- 
servations are based upon relatively few experiments. 
The observations made, however, arc clear and it seems 
possible to make the statement with little qualification. 
The course of the development of this form of receptor 
control of behavior during fetal life, however, has not 
yet been worked out. For an account of previous work 
in this field sec (15). 

16. There is evidence that in late fetal life higher 
brain centers influence responses which are characteris- 
tically called '^spinal refje>:es/' In a number of fetuses 
the spinal cord or brain was sectioned at various levels. 
The results of these preliminary experiments suggest 
that, in late fetuses at least, the normal spinal reflexes 
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are in part a function of the activity of higher centers. 
This finding is in harmony with the facts which have 
been established in the adult organism by the physio- 
logical study of reflex phenomena in the spinal animal 
(cf. 31, 33, 23). Many of the necessary controls to 
make assertions sure in regard to the effects of these 
operations, however, have not as yet been carried out. 
In general, our somewhat casual results, however, are 
in accord with those of Brown (10) and Langworthy 
(M). 

17. As development progress^^s, the amount of ''mO‘ 
tor diffusion resulting from specific receptor stimula- 
Hold' decreases, at least in certain areas and under cer- 
tain stimulus conditions, Minkowski, on the basis of his 
extensive work on human fetal material, in several 
places speaks of the shrinking of the cutaneous "reflex- 
ogenous zones" as age increases (63, 64). Bersot notes 
a similar change, especially in regard to the responses 
which are typical of plantar stimulation (8, 9). Pratt, 
Nelson, and Sun say of the newborn infant that as age 
increases the child comes to have sucking responses 
elicited only by the lips which previously were called 
out by stimulating cheeks, tongue, and the interior of 
the mouth (7S). Pratt, in later publications, suggests 
that the shrinking of the reflexogenous zones is one of 
the determinants of specific behavior (71, 72, 73, 74). 
Before considering this problem in detail, it may be 
well to define as clearly as possible the concept of the 
reflexogenous zone. This descriptive phrase has been 
typically applied to an areal receptor surface of an 
organism which, when stimulated at any point by a par- 
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ticular form of energy^ rclcnscs pntterns of motor ac- 
tivity which may be charaeterixed as the same. In 
practice, the rcflexogcnous zone mast always be de- 
termined by appropriately stimulating a given receptor 
surface and noting the resulting behavior. Thus, for 
example, when the same stimulus is applied to the up- 
per eyelid and to the cuiiclia of the ear, and when the 
stinuiluton of these areas releases, as it sometimes does, 
an eye wink, these two surfaces, as well as all inter- 
mediate and surroundifig areas which release this re- 
sponse, may be spoken of ns composing the same “re- 
Hexogenous zone.” TJiis is true even though touching 
the eyelid does not lead to a pinna response as does 
touching the concha. Many writers in this field have 
not clearly separated the concept of the reflexogenous 
zone, as just defined, from what may be called motor 
diffusion to specific recapfor sliinulolion, when such 
difTusiou is determined by the stimulation of one spe- 
cial receptor area, at various developmental stages, 
The two concepts, however, of the refftwof/enons zone 
and of motor diffusion to specific receptor stimulation 
should be kept distinct. An excellent example of 
change in a motor diffusion is found in the lateral mar- 
gin of the pinna (Pinna “A” of the Chart of Receptor 
Areas given above). At 22 days stimulation of this 
area led to a patterned movement of neck, trunk, and 
fore and hind limbs. At 43 days the same sort of stimu- 
lation released "a sharp, sudden contraction of the 
whole pinna, as well as neck, trunk, and limb move- 
ment.” At 61 clays, however, stimulation was fol- 
lowed by '‘a strictly localized twitch of the exact part 
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of the pinna that had been touched.” This progressive 
change, according to the definitions offered above, is 
not an alteration in reflexogenous zone, but in “motor 
diffusion to specific receptor stimulation,” because at 
all stages the same receptor area was stimulated. 

With this distinction in view we may now turn to 
the question of the shrinking of the zones as develop- 
ment progresses. It has been pointed out that in spite 
of great variability it may still be asserted that stimu- 
lating any specific sensory area in a series of progres- 
sive fetal ages characteristically releases what may be 
considered as a pattern of response, Thus, instead of 
holding that the “zone" which releases an extension of 
the digits of the fore paw at 46 days includes the whole 
cutaneous area of the leg and then in later stages 
shrinks to the palmar surface of the paw, it may be 
equally true, and possibly more satisfactory, to con- 
sider the characteristic behavior pattern released by 
each of these points at various ages. Thus, when the 
cutaneous area of the fore leg is considered, digit flex- 
ion, as part of a general pattern of limb flexion, may 
be present at one stage and not at another, but when it 
is present it may well be considered to be an aspect of 
the general pattern of limb flexion and not a mere 
spreading of the reflexogenous zone of the plantar sur- 
face. The clinical significance of the responses re- 
leased by plantar stimulation and the stimuli involved 
in the release of sucking responses have led all acts 
which include toe movements or mouth movements to 
be interpreted in relation to the sole of the foot or the 
lip zone. In the present study different areas were 
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Studied without giving especinl weight to any one area. 
As a result oi this for/n of investigation, it seems that 
many of the alleged changes in I'cflcxogenous zones are 
seen to be alterations in what has been defined above 
as motor difTusion to specific receptor stimulation. 

The importance of this distinction is made especially 
clear wdieii the responses released by stimulation of 
specific mucous-mcnihrane areas are considered, be- 
cause, as the study of the protocols given above will 
show, these areas seem to lead to much less variable 
response, (luring the changes of fetal life, than do other 
areas. 

TJie facts of the present study interpreted in the light 
of the paragraphs just given suggest that the idea of 
the shrinking of the reflexogenous zone as a function of 
development is not a universal description of sensory 
change in fetal life. This "shrinking” is, rather, a 
description of significance only when it is in the first 
place dearly defined, and, secondly, when the facts 
upon which the conclusions, in any given ease, are 
based represent a controlled series of observations and 
not merely an incidental observation or two. 

18. The present study does not confirm in detail 
the specific latvs oj development, (ille</inff that develop- 
ment is in all respects cephalo-caudal, proximo-distal, 
or from "Iiindaincnlnl” lo "accessory'' muscles. There 
are certain alleged general laws of the development of 
behavior, of which the most eominonly stated are: 

All development begins in the head region and follows 
temporally a ccphalo-caudal course, (/;) Ail develop- 
ment of behavior temporally follows a proximo-distal 
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course "in the free appendages." (c) All development 
of behavior temporally is from the activity of "funda- 
meiital” muscles to "accessory" muscles. These three 
"laws" are primarily concerned with the development 
of function on the motor side and will, therefore, be 
dealt with in subsequent papers which are concerned 
explicitly with the general development of effector 
action in the fetal guinea’pig. 

The observations of the present study present enough 
unambiguous facts to make clear the reasons for the 
origin of belief in these generalizations, but so many 
exceptions to them also arc seen to occur that their 
value as "laws" or as explanatory principles is thrown 
into question. Mucous-membrane areas, areas with 
particular sensory function, and those which are espe- 
cially motile in adult life, as well as certain other spe- 
cial areas, seem to become sensitive first in the develop- 
ing fetal guinea-pig, as the protocols and summaries 
given above demonstrate. Certain of these laws have 
recently been questioned by Pratt (71) and McGraw 

19i iJ possible to view most of the typical pat- 
terns of behavior released by the stimulation of given 
areas as capable of secitring some end or ends, 'which 
during fetal life itself or during subsequent indepen- 
dent life may serve adaptive needs of the organism. 
This is not true of all behavior, but it is true of so much 
behavior that it deserves special treatment here. It 
should be emphasized that a consideration of end or 
purpose in this sense does not, of course, imply what 
seems to the writer to be the truly preposterous notion 
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that the purpose of a response, as it is apparent to the 
external observer, is in any sense concerned in the 
mechanism wliich makes this response possible, In 
spile of the \vritin,^s (»f certain modern teleologists of 
various shades of depravity it still seems scicntirically 
true to assert uiicquivncally that purpose is functionally 
unrelated to mechanism. This is, of course, not to say 
that phylogenetic and ontogenetic processes which 
have been involved in the development of the mechan- 
isms of the organism in question arc not such as to 
make of the organism an animal which, when placed in 
a given environment, will respond adaptively. Adap- 
tive responses, occurring at least frequently enough to 
further the life processes of the organism and thus lead- 
ing to survival rather than to malaclaptation and death, 
arc certainly to be considered as characteristic of every 
species that survives. Therefore such responses must 
ill a measure be possessed by every surviving iiitlividiial 
of a surviving species. As Sherrington says, “In the 
light of the Darwinian theory every rellex wiii/ be pur- 
posive" ( 81 ), 

It is possible in this sense to consider most of the 
typical responses of the fetus as adaptive. This is true 
whether the behavior released by stimulating a specilic 
area is characterized as a pattern of behavior or as a 
reflex. It is also possible to view these individual com. 
pcinents of behavior as essential aspects or preliminary 
stages in the adaptive behavior of the total animal when 
in the late stages of fetal life, or after birth, the organ- 
ism comes more and more adccjuately and successfully 
to carry on, in a world of complex stimuli, the life 
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processes of a normal and even in a sense “socialized” 
adult animal. 

As the present writer and others have previously 
pointed out, any classification of teleological activities 
is one of convenience only (11). Thus, the list of ac- 
tivities given below could be altered according to the 
system of clasgificatian which the classifier might elect 
to employ. To illustrate this fact an example may be 
given. Behavior characteristics which are mechanisti- 
cally unitary may with equal propriety be considered 
as components of a number of quite diverse adaptive 
acts, Jaw movement may be thought of as important 
in both feeding and defense reactions. The outline of 
purposeful acts given below, therefore, is not intended 
to be complete or finally valid in any sense, but it is 
presented merely to illustrate the way in which the 
mechanistically determined acts of the organism may 
be classified by cataloguing a series of value judgments 
made by an external observer. Subject to the qualifica- 
tions just given, the following classes and examples of 
behavior acts may be presented in relation to their ap- 
parent purpose in the life of the organism, 

a. Behavior acts during fetal life involved in the 
protection, focusing, and use of receptor organs, 

1) Activity of the vibrissae. A number of 
investigators have demonstrated the importance of the 
vibrissae in the adaptive behavior of mammals, and 
especially of rodents. This evidence has been sum- 
marized by Vincent (94). She says that these hairs, 
due to their generous nerve supply, the leverage by 
which they magnify tactile stimuli, and the in- 
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dependent local muscle apparatus by means of which 
they may be made to vibrate continually, constitute an 
apparatus which is capable of performing many sen- 
sory functions: (n) They perform functions as dis- 
tance receptors because they extend well beyond the 
body surface, (/j) They continually sweep the surface 
before the animal during forward progression and con- 
sequently they arc iniportatU guides in locomotion, and, 
as Vincent has especially demonstrated, they play a 
part in the maintenance of cquilibriun^ and in the dis- 
crimination of the character of surfaces, (c) Failure 
of stimulation of the vibrissac during forward locomo- 
tion elicits violent avoidance rcHexes which serve to 
stop the animal in its forward course. The vibrissae 
thus warn the animal that it is approaching a possible 
change of elevation and, as the externa] observer notes, 
the animal is thus protected from falling. Concerning 
the function of the vibrissac in the cat, sec Schmid- 
berger (80). 

As noted In the protocols, stimulation of the vibris- 
sal areas (2 and 3 of the chart) as early as 32 days 
leads to neck movements and furc-limb movements 
which soon coinc to be of a sort which may be con- 
sidered as protective; that is, these movements, as such, 
tend to remove noxious stimuli from this area. It is 
interesting to note that there is apparently a correlation 
between the appearance of the vibrissac on the surface 
of the skin and the onset of behavior released by the 
stimulation of this area. In a publication appearing 
since the experiments reported in this paper were done, 
Harman and Dobrovolny rcpcirt that vibrissae first ap- 
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pear on the surface in the 32d day (38), This is exactly 
the same day when in our experiments responses were 
first released by stimulating this area, In the course of 
this activity much self-stimulation of the receptor area 
itself is effected, Such self-stimulation of the area on 
each side by the homolateral fore paw has also been 
observed in the course of this investigation during 
"spontaneous” behavior at many age levels. At 38 days 
local corrugations of the skin of the pad begin. The 
muscle responses which make this corrugation possible 
are the same which later vibrate the individual vibris- 
sae. From the time that this corrugation appears, 
stiiTiuktion of this region, or of the distal ends of the 
growing vibrissal hairs, or often of adjoining head 
regions, usually causes a corrugation of the skin in this 
sharply localized area. Hence, long before birth any 
touch stimulus in the head region may often effect an 
increased vibration and thus bring about what have 
been called the "tappings of the blindman’s cane of the 
rodent,” This response is such that further specific 
stimulation may be effective in providing a clue which 
may later be used in the adaptive performance of acts 
concerned with alimentation, locomotion, reproduc- 
tion, and the other processes listed below. The twitch 
of vibrissal hairs to stimulation may be characterized as 
a local reflex, and yet the study of the development of 
this reflex given in die protocols presented above shows 
that this "reflex” was in its inception a component part 
of the primary behavior pattern involving especially 
neck and fore-limb movements. Moreover, at any time 
during fetal life, and indeed after birth, this whole 
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pattern, and not only the local reflex, can be called- 
out by appropriately stimulating this area. It is ap- 
parently also true lliat, as the so-called enccphalization 
of function becomes increasingly complete in late fetal 
and early neonatal life, siimulatuni of this area more 
and more directs the complex adaptive responses of 
the whole organism. These responses of the total ani- 
mal may in some respects be viewed as composed of 
patterns of response prcvii)usly typically elicited inde- 
pendently by other forms of stimiihuion applied to the 
various specific sensory areas of the body, as tentatively 
suggested above. 

2) Alolor r^nctions of ihc visual appafaius. 
Evidence has been secureil in tins suuly in regard to 
(rt) eyeball response, [b) iris response, (r) eye ■wink- 
ing, No evidence has been secured iji regard to Jens 
accommodation during the fetal life of the guinea-pig, 
and indeed the evidence on this matter, as I/ashley 
points out, is not clear even in the adult rodent (SS). 
These motor cye-rcactions may be Cfuisidcred in order: 

rt) Eyeball inovemenis. At 35 clays the 
stimulation of the closed lid led to what seemed to be 
the pulling back of the eyeball into the orbit, as if all 
of the external eye muscles contracted at once. This 
was again observed at 38 days. At 40 clays, when the 
closed eyelids were operatively opened, eyeball move- 
mciit was certainly present. After operative opening of 
the eyes of fetuses from this lime on, eyeball movements 
■were generally observed, After 56 days, when the eyes 
were first open naturally, eye movement was very fre- 
quently seen. Eyeball movements could be elicited by 
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tactual stimulation of nearby sensory areas, by pos- 
tural changes, and thus presumibly by neck or 
labyrinthine stimulation, as is typically the case in new- 
born and adult cats (32, 30). From 45 days on, eye- 
ball movements were observed which seemed to be 
definitely correlated with photic stimulation of the 
retina. It seems significant therefore that approxi- 
mately half way through the gestation period, inside 
the dark cavity of the mother, with lids still sealed, a 
neuromuscular mechanism has developed which makes 
eyeball movement possible. Characteristically at first 
these movements are local reflexes which are apparent- 
ly related to more general postural changes. Even when 
they can be called out independently they still fre- 
quently appear as part of a larger, although still in a 
sense unified, pattern of behavior. It is unnecessary to 
point out in detail that eyeball movements are signifi- 
cant in a host of adaptive acts in the adult animal which 
depend upon vision. This is true in the adult guinea- 
pig to some extent, even though the rodent is usually 
considered as rather defective in the specificity of vis- 
ually controlled behavior which it displays (94). 

b) Iris responses. The guinea-pig is a poor 
subject for the observation of these responses, The eyes 
are either so unpigmeiited in albino animals that the 
iris is hardly visible, or so deeply pigmented that the 
whole structure seems to be an even black. In this in- 
vestigation at 41 and 45 days, however, and at a number 
of subsequent stages the response of the iris to light was 
observed. The iris response was seen to occur only to 
photic stimulation. However, in view of Lashley's find- 
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logs on the comparable eye of the rat (55) , that pupil- 
lary change cart be elicited by pricking the skin, by 
shrill sounds, or by general eye movements, it seems 
possible that the failure to observe such changes in the 
present study was due to unfavurahlc conditions and 
the fact that a microscope was not used in observing the 
iris when these stimuli were applied. I'he light stimu- 
lus, however, brought about eyeball as well aa iris 
movements, and also other skeletal muscle responses. 
The significance of this in terms of what is so often re- 
ferred to as a “pure" example of a fixed reflex — the 
ciliary reflex— can be gathered by analogy from the 
development of other specific reflex mechanisms as 
given in greater detail above, 

c) or fmlpebraf reflex. Anatomi- 

cal work on the fetal guinea-pig has shown that the 
folds of the eyelid arise on the 24th day and fuse to 
cover the eye on the day (58) . Stimulating either 
the upper or the lower of the fused lids at 32 days led 
to an elevation of the homulateral limb and soon to 
head niovcinciits as well. Typically the limb was 
brought up toward the p(nnt stimulated, At 35 days 
a wink, that is, a contraction of what seemed to be the 
whole orbicularis palpebrarum muscle of the still un- 
opened eye, took place. Head ncxlnii or retraction, 
elevation and brushing of the stimiilntecl part by the 
homolatcral fore leg, a wink of the still closed lids, 
therefore, may be characterized as the heliavior pat- 
tern which is typically released by stimulation of either 
eyelid. The isolated "palpebral reflex" early comes 
to be independently clicitnble, but until tiic end of fetal 
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life the typical pattern involving limb and neck muscles 
is often called out by directly stimulating either lid. 
The whole mechanism of this larger pattern may be 
viewed as protective, as may the eye wink itself. It is 
interesting to note in this connection that eye-winks, 
once well established, can at least occasionally be 
elicited by stimulation of many regions far from the 
eye itself. Parenthetically, it may be said that this 
peculiar proneness to release, as shown by certain re- 
sponses at certain times, is a phenomenon which merits 
special study during fetal life. The scratch reflex at 
certain periods seems almost waiting to be set off by 
a variety of stimuli applied at many different receptor 
points. This "set-for action" is true also of certain 
other responses, such as the pinna reflex. 

Not only pressure, but photic, thermal, and electrical 
stimulation, strong mechanical laceration, and body- 
posture changes provide stimuli which at certain stages 
elicit the palpebral reflex. In the later part of fetal life, 
closing of the open eye on a touch of the cornea was an 
invariable response. The biological utility of the eye- 
wink is obvious and has had many commentators. That 
its mechanism has been so perfected that it may begin 
to function at a very early period of active fetal life 
is significant in evaluating the learning or conditioned- 
reflex theories of the origin of the eye-wink. It is also 
significant for the general thesis of this paper that this 
almost invariable reflex is typically, in early stages 
and, indeed, under the appropriate conditions at all 
stages, part of a larger pattern of behavior. 

3) Ear-muscle responses and audition. Tac- 
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tunl stimulation of the concha or of either margin of 
the pinna, as well as many peripheral regions, typical- 
ly elicits what is called the pinna, nr Preyer's, reflex, 
III our records this is noted as appearing on the 36th 
day. Avery had previously noted it on the 64-th day 
(6) , Characteristically this response Is part of a much 
larger pattern of behavior. It will be remembered that 
the first stimulus-released response recorded in this 
study was the result of stimulating the concha of the 
ear, At 31 clays such stimulation led to a movement of 
the fore legs and a bowing of (he head. This could be 
seen as part of the typical pattern released by this type 
of stimulation. In later stages great variation was 
noted in the responses elicited by stimulating the ear 
areas numbered IS, 16, and 17 on the Chart of Recep- 
tor Areas given above. In some instances the pinna 
was elevated, in some it was adducted to the head. In 
certain cases apparently only the local musculature 
near the spot stimulated responded, in others the larger 
muscles at the base of the car contracted ns if to close 
and protect the concha. Pinna responses of one type 
or another were occasionally released by touch stimuli 
at a distance from the ear. Such responses were also 
elicited at certain ages and under certain conditions 
by photic stimulation of the eye, by a loud sound, by 
temperature stimulation, by electrical stimuli, and by 
needle stimulation. The “purpose" of the pinna re- 
sponse in the adaptive behavior of the adult animal 
is in a measure obscure. It certainly is typically elicited 
as part of a general startle response and may possibly 
have some value ns a visual warning signal to other 
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animals. Certain pinna responses may also assist audi- 
tion by the raising of what may be called an ear-trum- 
pet to catch vibrations and make localizing responses 
of the whole organism to auditory stimuli more pos- 
sible. Pinna and concha responses of a stronger sort 
apparently also partially close the external meatus and 
thus, it may be, protect the ear from strong or harmful 
stimuli. This typical reflex, therefore, like those con- 
sidered above, is seen to be in its own nature complex 
and to be characteristically associated with more com- 
prehensive behavior patterns and also possibly to sub- 
serve a variety of uses in the adult organism. 

4) Nostril dilation and contraction and ol- 
faction. Tactual stimulation of the nostril, first at 32 
days, released head and fore-paw movements such that, 
even at this early period, the region stimulated was 
brushed by the homolateral paw. Later studies showed 
that it was possible to have the right paw raised by 
stimulating the right nostril, and vice versa. At 46 
days, beside head and trunk reactions, vibrissae pad 
corrugation, and eye-winks, a definite wrinkling of 
the muscles of the snout, including those about 
the nostrils, took place, At 48 days local stimu- 
lation led to a sharply localized twitching of 
the nasalis muscle, together with fore-leg elevation. 
From this time on this “local reflex" was a 
typical part of the animal’s behavior when appropri- 
ately stimulated. Characteristically, however, it re- 
mained a component of the more general pattern 
of response which had preceded it ontogenetically dur- 
ing earlier fetal life. In a fetus delivered into air 3 
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days before normal birth and kept alive for several 
weeks, not reported elsewhere in this study, twitchings 
of the nostrils were recorded which seemed to be as- 
sociated with olfaction. In this case, however, the 
whole pattern of breathing was involved. The con- 
traction and dilation of the nostril may thus be consid- 
ered to be a local rcficx which is part of a more general 
pattern and one which in later life may be considered 
to be important in regulating olfactory stimuli. 

5) Tonijne iiiovementi am! yustaiory slimnla- 
fion. Gentle stimulation of the lip by the 37th day 
led to a slight protrusion of the longue. Typically, 
stimulation of the tongue itself, of the lips or gums, led 
during the early fetal period to head and fore-limb 
movement, and after the 37ih day to tongue movements 
associated with lip, jaw, and often to other responses 
of muscles in the head region. In prematurely deliv- 
ered fetuses it has been observed that (he tongue is em- 
ployed in sucking, and in its inovcjnent thus facilitates 
the general exposure of (he sensory surface which is 
presumably concerned in (asrc reception. This local 
tongue response is calculated to play its part in the sen- 
sory functions involved in tasting, hut it is characteris- 
tically also part of a much larger behavior pattern 
which is significant in the process of eating, 

6) Ghnne/es in body posture, the pyoprioccplors, 
and the labyrinthine mechanism. During the latter 
part of fetal life, changes in body posture were asso- 
ciated with marked tonus changes, including trunk and 
limb movements, As noted above, some of the Mag- 
nus reflexes were apparently elicited by appropriate 
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Stimulation. In air-delivered fetuses, of 65 days, 
righting reflexes were observed when the animal was 
placed on its back on a flat surface, as previously noted 
by Avery at 60 days (6) . Compensatory head and limb 
movements and presumably eye movements occurred 
on rotation. Post-rotational movements were also ob- 
served immediately after rotation ceased. Some of 
these reactions may have been due to neck-muscle and 
other forms of proprioceptive and exteroceptive stim- 
ulation, but it seems almost certain that a number of 
these reactions may be attributed to vestibular function, 
For an analysis of the part played by the various re- 
ceptors in posture see Dusser de Barenne (30) . In the 
fetal cat vestibular responses have been demonstrated 
at the S4th day by Fish and Windle (32) . In the case 
of the “Magnus reflexes*’ some examples of rather lo- 
calized reactions to this form of stimulation were ap- 
parent, but, in general, stimulation of the sort used in 
this study seems to have involved tonus changes and 
contractions in associated muscles in much of the whole 
body. The part that the labyrinthine senses play in 
the adaptive life of the organism need not be em- 
phasized here. Unpublished protocols suggest that the 
highly adaptive acts of turning over and of maintain- 
ing balance during locomotion are both possible in 
the prematurely delivered fetus. These responses are, 
however, still far from perfect in the normal guinea- 
pig at birth. No observations were made on the air- 
righting reflex which has been studied in the cat by the 
present writer (16). 

7) General culaneotts stimulation and motor 
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responses. The special touch organs associated with 
the vibrissae-hairs have been considered above. In al- 
most every pressure stimulus of the many hundreds 
given in this study the reaction may be thought of as 
having a bearing upon cutaneous sensitivity, as also 
may those elicited by deep pressure, temperature, or 
pail) stimuli. Typically, the responses to this form cf 
stimulation arc the various behavior patterns noted in 
detail above. A local response wiiich is frequently 
part of the general pallcrn released by cutaneous stim- 
ulation is the corrugiitiort of the niiiscuhitm-e under the 
point stiniuJatcd. In many cases these responses may 
be called panniculus carnosus reflexes. Corrugation 
of this sort moves the hair above the area and makes 
stimulation more adequate than it would have been 
otherwise. /Idient, that is, movements toward, or abi- 
ent, tliatis, movements away from, in Holt’s sense (42), 
the touch of the nose or the paws, may also be regarded 
in this manner. Typically, the ability of the organism 
to localize by local sub-cutancous muscle contractions 
or by limb movements the portion of the skin that has 
been stimulated may be seen to be a function which 
provides a protective mechanism for removing noxious 
stimuli. The protocols given above indicate that such 
stimulation often involves very specific and also quite 
elaborate patterns of response. These responses are 
obviously valuable to the organism in removing insect 
parasites and in effectively dealing with noxious stim- 
uli of various sorts. It is quite possible that this be- 
havior is significant in building up the animal's gen- 
eral ability to deal with stimuli in a spatial framework 
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("space perception”). This possibility has been con- 
sidered in some detail in a previous paper by E. T. 
Raney and the writer (77). 

A review of the seven points given above shows that 
in relation to the principal senses there are certain 
characteristic "reflexes” concerned in the proper func- 
tioning of the receptor mechanisms in question. These 
reflexes are themselves usually seen to be parts of larger 
but still specific patterns of response. In many in- 
stances these responses have been shown to arise early 
in motile fetal life and seem too specific and too im- 
mediate to have resulted from previous fetal "exper- 
ience,” especially since evidence for such exercise is 
nowhere available. These patterns of response are 
possibly best thought of in each case as reactions deter- 
mined by specific stimulation of a neuromuscular 
mechanism which is constructed as it is at the time. 
The fine and gross anatomical changes of the neuromus- 
cular mechanisms which result from, or rather are the 
inner dynamic processes of, morphological growth 
("maturation”) produce a mechanism which suddenly 
Of gradually becomes capable of entirely new activities 
when appropriately aroused, In another place the 
author has considered what some of these mechanisti- 
cally determined factors of inner growth may be and 
has attempted to show that they are meaningless if con- 
sidered as independent of an environment (15). For 
an important reference in regard to the relationship 
between the work of Spemann and that of the concept 
of “physiological gradient” as a determiner of develop- 
ment in the sense considered here, see Child (17). 
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We may now liirn to consider, maintaining our 
purely pragmatic teleological point of view, how the 
sense-organ responses just discussed, together with 
otiicr patterns of behavior, come to play a part in what 
may be callcit the major life functions of the organism, 
b. Behainor acts concernej in allmenlation. Dur- 
ing fetal life the elements of the sucking reaction and 
the biting reaction develop. The patterns involved in 
these responses include head, lip, gum, jaw, and tongue 
movements. In most fetal organisms the onset of the 
feeding reaction is dnitighi of as die onset of sucking, 
but in the guinea-pig, because of the presence of well- 
developed teeth in the fetal period, certain of these 
early movements may be cbaracterixed ntlier as biting 
than as sucking reactions. Heside these local reactions 
concerned in feeding, all of the motor mechanisms as- 
sociated with rlic special organs of the cxtcroceptors, 
all of the mcchnnisins of locomotion, and indeed, in- 
directly, almost all of the acta of the organism, may 
be considered to subserve the essential end of securing, 
ingesting, and digesting food. If this general view of 
the development of the feeding reaction be taken, it 
is obvious that, from the first responses of the fetus, 
patterns of response are present which will later play 
a part in this complex adult reaction. The detailed 
protocols given above indicate the temporal stages at 
which the special responses of lips, tongue, jaw, head, 
and trunk first become apparent, The development 
of the feeding reaction in the guinea-pig is comparable 
in almost every respect, except the specific age at first 
appearance, to the development <}f the sucking rcac- 
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Hon in the fetal cat as described by Windle and 
GrifRn (100). 

c. Activities of the fetus which are significant in 
ike development of the mechanism of air breathing. 
Many years ago Ahlfeld pointed out the significance 
of so-called "premature breathing movements" in or- 
ganisms whose oxygen supply was still provided by 
placental circulation (1). The present writer has re- 
viewed something of the history and development of 
the knowledge of this reaction and the speculation in 
regard to its function in fetal life (IS), In the pres- 
ent study some cases of such movements were observed. 
Sometimes these movements arose "spontaneously" and 
sometimes as the result of external stimulation. As an 
example of the stimulus-aroused movements one may 
cite the rhythmic chest movements which were set off 
by a touch of area 36 (the abdomen) in a 4Tday fetus. 
The stimuli which are necessary to initiate breathing 
movements when placental circulation has been dis- 
continued have been studied (44). The work of Av- 
ery indicates that breathing sufficient to provide oxy- 
gen for the life processes of the fetus of the guinea-pig 
appears on the 52nd day (6), Jf exercise be conceded 
as advantageous in the preparation of a mechanism for 
effective function, then the utility of these Ahlfeld 
movements must be obvious, That they may play a 
part in fetal life as a sort of "auxiliary pump" to the 
fetal heart has also been suggested by Walz (95). 

d. Responses of the organism concerned with ex- 
cretion. In the present study stimulation of the areas 
of the anus (No. 28) and of the external genitals (No. 
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64) led to a complicated pattern of response which 
seemed most obviously protcctivCi but which in certain 
instances definitely involved local and sometinnes 
rhythmic movements of the sphincter muscles. The 
importance of sphincter control in the adult organism 
is sulTiciciit evidence of the significance of the onset of 
this reaction in fetal life, More detailed study like 
that of Yanase (104, lO.'I) on fetal digestive processes 
would doubtless sln)\v many oilier fetal activities which 
could be viewed as preparatory ftir the function of ex- 
cretion. 

c. Aclivides of Ihe onjnnisni conccnial in /oco- 
inoiion. In its most complex form in the adult organ- 
ism, locomotion may be thought of as involving, in 
some way, almost all of the motor and sensory mech- 
anisms of the organism and in serving, at least in a 
subsidiary way, as a means by which most of the 
organism's important life acts are performed. As Hin- 
sey, Ranson, and McNaitin have sliowii, its central- 
nervous-system mechanism is also most complex (41). 
Contrasted to the almost adult form of the guinea-pig 
at birth is the early fetal condition of the opossum when 
it is born (40). But even in the opossum the mech- 
anisms of air-breathing, locomotion, and food-taking 
have developed. Thus, locomotion, like mechanisms 
for air and food intake, seems to be in most lower mam- 
mals a process which must be elTcctivc at birth. With- 
out locomotion it is impossible for newborn organisms 
to find the mother or die protective poiicji and thus to 
secure food nnd protection, save in the cases where 
complete maternal care is provided. 
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Coghill (19) has studied and admirably analyzed 
the origin of aquatic and terrestrial locomotion in 
Amblystoma. He has shown the correlation between 
the growth of locomotion-behavior and the neural 
mechanisms upon which it depends. Much of this 
analysis may be suggestively applied to the study of the 
development of locomotion in other fetal organisms, 
as Coghill himself has suggested (18). Windle and 
Griffin have given the results of their own studies and 
summarized the literature on this subject (100). In 
an analysis of the onset and development of locomotor 
activity Coghill's two headings of aquatic and terres- 
trial locomotion may be used as starting points. Dur- 
ing the whole of prenatal life the mammalian fetus is, 
of course, an aquatic animal. In the fetuses studied 
in this investigation, long before birth, trunk and limb 
movements were often performed so that the fetus was 
propelled through the bath as far as the attachment of 
the umbilical cord would allow. It can thus be said 
without doubt that coordinated movements, making 
effective aquatic locomotion possible, develop well be- 
fore birth in the fetus of the guinea-pig. In later fetal 
stages, when the cord was ligated and cut and breath- 
ing successfully initiated, terrestrial locomotion was 
seen to be possible before the period of normal birth. 
Avery, whose technique emphasized the study of air- 
breathing fetuses, saw well organized locomotion on 
the 63rd day (6), In order, however, to consider the 
developmental onset of locomotion, either aquatic or 
terrestrial, one must go back to the earliest observed 
movements of the fetus. Neck flexion and fore-limb 
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movement appe;ir in cmr study at 31 days, and both of 
these responses are involved in .locomotion, In the 
protocols summarized above, reference is made to the 
onset of independent llcxion and extension in the limbs, 
and to the beginning of the “crossed extension” re- 
sponses which result from in(\cpcndcnt stimulation of 
either fore or hind limbs. Reference is also made to 
the beginning of “trot" or “paddling’’ movements, in 
which the fore linihs alone, the hind limbs alone, or 
all four limbs logctbcf, cooperate in what is sometimes 
a relatively coordinated form of behavior. Head and 
trunk fle.xion and extension are also involved in both 
avvimming and walking. In the guinea-pig fetus the 
rhythmic activity and the maintained tonus necessary 
for coordinated swimming are present some time be- 
fore terrestrial walking becomes possible, The fail- 
ure of land walking after what seems to be the devel- 
opment of its essential mechanism is probably due to 
the buoyancy of the organism in liquid, In the natur- 
ally-born, full-term guinea-pig it is obvious that the 
fore legs arc more functionally effective than the hind 
legs. This does not mean that coordinated rhythmic 
activities arc neurologically impossible in the hind 
limbs at that time, because at a period previous to this 
they have shown, in organisms in which placental cir- 
culation was maintained, and which responded under 
water, true coordinated “trot" responses. When re- 
sponding in air, however, the wciglu of the body which 
must be supported is too much for the strength of the 
limb muscles. This observation may be considered as 
but one example of the fact that much apparent in- 
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coordination and so-called “mass activity” of the neo- 
natal mammal may be an indication rather of muscular 
weakness than of an undifferentiated, "unmaturated” 
nervous system. In conclusion, in regard to locomo- 
tion it seems that one can say that swimming and walk- 
ing in the fetal guinea-pig are dependent upon a mech- 
anism which, structurally, at least in its larger outlines, 
is ready for action before there is any likelihood that 
the organism will be in a position to carry on terres- 
trial locomotion or before swimming would have any 
obvious biological value for the fetus. It seems to the 
present writer merely a matter of convenience rather 
than of fundamental scientific creed whether one elects 
to view -the act of walking as an integration of a series 
of still partially independent behavior patterns, or 
whether the subordinate patterns involved in neonatal 
and fully adaptive locomotion are to be thought of 
teleologically as a single pattern. In any case, it seems 
obvious that dozens of detailed responses such as ex- 
tensor thrusts of isolated limbs, digit flexions, and trunk 
extension may be separated from this total pattern and 
intelligibly, if not completely, dealt with as independ- 
ent entities. That successful land locomotion does not 
come into being genetically as a complete totality 
which is in every sense prior to its constituent elemen- 
tary patterns is, it seems to the writer, demonstrated 
in the protocols given above and in many others which 
are not published here. 

/. Defense and struggle reactions. These names 
are used as a traditional, teleological classification un- 
der which a large number of the activities of an animal 
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may be classified. Babinski (7) is, of course, notable 
as one who has dealt in detail with reactions under 
this heading. Among other neurologists who have 
used this means of characterizing behavior may be 
mentioned Granger and Gn\u as reported by lAiciani 
(59), Sherrington (81), Riddoch (79), and Pavlov 
(6B, 69). Such activities as kicking, struggling, bit- 
ing, pushing away the stimulating object, withdraw- 
ing from the stimulating object, turning aside, con- 
tracting into something like a ball, sudden muscular 
quiescence and tonic immobility ("deritli feigning" or 
the "still reaction”), shrill vocalization and other ex- 
pressive movements, cxtcroceptively initiated locomo- 
tion, paw movements, panniciilus carnosus responses, 
the sense-organ protective reflexes noted above, and 
many other activities, may be inckuled under the clas- 
sification of defensive acts. Responses over this wide 
range, it will be obvious, arc not unitary, mechanisti- 
cally dcscribablc behavior patterns, but involve in 
their accomplishment almost every pattern of response 
of which the organism is capable under some given set 
of circumstances. Thus, biting is serviceable both as 
an act of alimentation and as defense; extension of the 
leg is serviceable in approach and In kicking. The 
effectiveness of almost all of the patterns of response 
of the animal in serving in some way a protective need, 
even during fetal life, is interesting in view of the fact 
that, as the evidence given in the protocols above shows, 
the "noci-ceptive system" of Sherrington does not seem 
especially well developed in fetal life. It is basically 
impossible to give any general mechanistic description 
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of the conditions under which activities subserving the 
end of “defense" are released. These responses, there- 
fore, instead of being considered to possess certain char- 
acteristics because they are defense reactions, are prob- 
ably best thought of as a series of mechanistically quite 
distinct reactions which are only grouped together for 
the convenience of the observing scientist and are really 
a result of a series of value decisions on the part of the 
one who makes the judgments. At certain levels a 
classification of this sort is, of course, admissible. 

g. Sex behnmor. During fetal life, none of the 
specific aspects of sex behavior have made their ap- 
pearance. It is true, however, that the guinea-pig, in 
relation to most other mammals, is sexually precocious. 
During fetal life, moreover, some of the essential gen- 
eral behavioral responses characteristic of the repro- 
ductive act have appeared. These reactions include 
patterns of response in the rump musculature and in- 
deed in Che muscles surrounding the external genital 
organs. The onset of fore-limb movements, trunk 
responses, and phonation which are concerned in cer- 
tain patterns in the adult sex act also appear during 
fetal life. Thus, it can definitely be said that during 
the prenatal period many responses which will later 
be constituent elements of coordinated sex acts have 
made their appearance. 

h. Expression and ihe onset of "emotional^^ be- 
havior. The somewhat unfortunate term “expression" 
is still rather generally applied in psychology to those 
activities of an organism which are considered to be 
signs of a more general physiological or psychological 



464 


LliDKARD CAKMtCIlAUI. 


State in the animal in question. Often such expressive 
responses are thought of as important in social stimu- 
lation and response and in communication. During 
normal fetal life one can see the motor onset of various 
forms of expressive behavior, although little that can 
yet be truly called expressive, if the social criterion be 
accepted. The only example of social atimuhtiun which 
the writer has seen in normal fetal life was in a prepa- 
ration in which one of two or more quiescent fetuses, 
still in the unopened uterus, became active and by this 
activity directly stimulated the contiguous fetus so that 
if too became active. Essential patterns of emotional 
expressive beliavior, such as baring of teeth, sudden 
quiescence, erection of hair, and plionation have all 
been observed in the present investigation during the 
fetal period. No integrated general pattern of response 
that can be safely characterized as emotional, however, 
has been seen in the fetus. But each response which 
would be involved in a tf)taf emotional response of 
fear, anger, or sex excitement, as described by Darwin 
(24), and more recently by Dumas (29), Laiulis (53), 
and others, is apparent in the fetal period. These 
responses include limb, paw, body, jaw, lip, nostril, 
pinna, and plli-ercctor reactions. 

i. /Idaptivc responses o/ Lhe lofni oryaiiism in the 
latter part of fetal life. The various subordinate pat- 
terns of adaptive behavior just outlined may sometimes 
be viewed as components of the total integrated beha- 
vioral adaptation of the organism to its environment, 
as indicated in Type II of Sfat/c /i of Couclusiou 10 
above. Some of the components just outlined may be 
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considered by the external observer who knows what 
animals do as adults as "preparatory," although ob- 
viously when such responses appear in fetal life they 
are functions of present stimulation and of the struc- 
ture of the organism as it is at that time. 

In fetal life, also, certain complexes of acts already 
take on a "purposeful" appearance which might be 
attributed by the untrained or vitalistically biased ob- 
server to the "will” or "desire” of the fetus. For ex^ 
ample, sometimes after cutaneous stimulation, when a 
series of brushing movements by the paws has failed 
to eliminate the stimulus, responses of trunk and limbs 
take place such that the whole fetus swims rapidly 
away from the stimulus as far as the attachment of 
the cord makes mechanically possible. By some ob- 
servers this action would certainly be characterized as 
purposeful-avoidance behavior which involved the 
"docility" (Tolman, 92) of the whole integrated or- 
ganism and not as a mere series of patterns of responses 
released by specilic stimuli. If the mechanistic analy- 
sis of the subordinate patterns of this response, which 
has been offered above, be remembered, however, it 
seems not unsatisfactory to consider even this typical 
total “teleological act” of the integrated organism in 
terms of an elaborate temporal sequence of stimulus- 
released behavior acts, These acts, of course, depend 
on elaborate conditions for their appearance. Work 
on the facilitation and inhibition of spinal reflexes sug- 
gests something of the phenomena which may be found 
eventually to be basic to alterations of behavior in in- 
tact organisms of the sort described. Whatever the 
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ultimate neural explanation of the apparently “adap- 
tive" and "purptiseful” acts of the newborn guinea- 
pig, it seema sure, however, that these acts need not be 
considered from all points of view as novel. Neverthe- 
less, if the behavioral criteria of “purpose" be ac- 
cepted as scientifically satisfactory (which, it may be 
said parenthetically, as explained above, the present 
writer docs not wisit to do), there seems no reason why 
“purpose" should not be attributed to the total inte- 
grated behavior of the fetus during tlic latter part of 
the gestation period as well as to the young animal after 
birth. 

20. The pvaeut study does not (jive uufiunUfied 
support to any of (he more general theories of (he de- 
velopment of he/iavior, such as those summarized by 
the words "individuatioid* or ‘Untcf/rnlion," but sug- 
gests rather that the formulation of such genernliza- 
tioiis is at present premature. In a recent paper the 
writer has attempted to review and criticize the theo- 
retical interpretations of the development of behavior 
with appropriate bibliographical citations (15), From 
a somewhat different point of view nnotlwr interpreta- 
tion of the status of thc(»ry in this field has been pre- 
sented even more recently in an admirable article by 
Pratt (72), In this paper, therefore, only most brief 
and general reference will be made to theories of the 
development of behavior. 

If, for the sake of brevity, we omit qualifying 
phrases, it may be said that two views in regard to the 
nature of the development of behavior have found sup- 
porters in recent years. Two theories of the way in 
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which this development takes place have also been ad- 
vocated. 

The nature of the development of behavior is held to 
be either («) the increasing specification of behavior 
which was previously more general [Cf. Coghill (18), 
Angulo y Gonzalez (3), Wheeler and Perkins (97), 
Ogden and Freeman (66), Irwin (46,47,48)], or (h) 
the increasing integration or organization of previously 
rather discrete elements into new complexes of adap- 
tive behavior [Cf. Watson (96), Pavlov (70), and 
Minkowski (62) as writers who at least in part advo- 
cate this view]. The two theories of the development 
of behavior which have been sometimes applied to in- 
dividuation*’ and sometimes to integration are (a) the 
maturation of structures and functions which are 
fundamental to behavior as a result of hereditary de- 
terminers, and (6) the environmental conditioning or 
modification of the structures and functions upon which 
behavior depends. It would be possible by specific 
quotation to show that some modern students of the 
development of behavior emphasize each one of the 
following four positions; (1) Behavior develops by 
individuation brought about by maturation. (2) Be- 

regard to the use of the terms individuation and specification 
by Coghill the following quotation is relevant. "Individuation . . . 
is not the equivalent of specialization or specification. From the 
point of view of the organism specialization and specification look 
outward, Tlicy Imve to do with the adaptation of a part of the 
organism to a particular function, or relation to the environment, 
Individuation, on the other hand, looks inward, It is a process by 
or througli which a part of the organism acquires a particular rela- 
tion to or within the organism itself" (20). 
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liavior clcvciJops by inteiifration aiid .orgartization 
brouglu about by maturalion. (3) Behavior develops by 
individuation brought about by environmental action, 
(4) Behavior develops by intcgratit)n and organiza- 
tion brought about by environmental action. Inter- 
mediate and enmhination views involving the lour po- 
sitions just given have also been held. 

The results of the present investigation, it seems, can 
not be subsumed under any one of the positions just 
listed, 

A study of the protocols and the conclusions given 
above shows that the course of development of adap- 
tive behavior, ns it is released by the stimulation of 
defmtcly located receptor areas in a series of increasing 
temporal stages during fetal life, is in some measure 
specific for each area studied. Without extending the 
concepts of integration or individuation until they lack 
all precise or valuable meaning it does not seem possi- 
ble to include all of the observations concerning the 
development of particular behavior systems under any 
one such heading. For example, the view of indi- 
viduation as given in the following quotation from Ir- 
win has not always been substantiated In the present 
investigation, although eases can be found which might 
be considered to exemplify it. 

. . . pntterns clifTcrcinintc from n pninitii'c gi^ncrol 
matrix cf behavior callcil innss activity. M.iss activity 
is at its maximum during the first fetal months nnd dur- 
ing uterine existence the difTcrentintiun of activity into 
patterns is under w.ay (40). 

Indeed, In criticism of this view it may be snid that 
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the first (“spontaneous") responses of the organism, 
which took place before any responses could be elicited 
by exteroceptive stimulation, were quite specific. These 
movements involved responses of the muscles of the 
cephalic end of the trunk and of the fore limb. The 
first stimulus-aroused activities, likewise, were not 
“general" but were, on the contrary, quite precise. As 
fetal development progressed, however, and as other 
neuro-muscular mechanisms became active, complex 
responses appeared which, as a whole, might be called 
“mass-activity." The author has hundreds of feet of 
motion-picture records of such responses. As noted 
over and over again in this paper, nevertheless, the 
responses released by stimulating particular areas at 
each stage seem to be such that they may be character* 
ized, at least loosely, as special “behavior patterns." 
In the case of “spontaneous behavior" which appears 
after many specific patterns have been established, the 
exciting stimulus is often, it seems, internal to the or- 
ganism. It is thus conceivable that much of the ap- 
parently “random" mass-activity of the fetus (but not 
the initial responses of the fetus) is a function of in- 
ternal stimulation which has not yet come to lead to 
specific responses. Moreover, when activity of so 
complex a nature that it may be called mass-activity is 
aroused by experimentally applied exteroceptive stimu- 
lation, such activity is usually secondary to the initial 
release of the more specific behavior pattern ordinarily 
associated with the receptor area that has been stimu- 
lated. All answer may be given that the apparently 
exteroccptivcly released “generalized" behavior of the 
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organism is possibly a function of the proprioceptive 
or other internal stimulation which itself results from 
the relatively specific response initially made lo the 
exteroceptive stimulus. Thus, very early, and very 
late as well, in fetal life, and indeed in neonatal and 
adult life, strimg siiniulation or stimulation syn- 
chronously affecting a large number of exteroceptive 
areas or general interoceptive stimiilatitin may produce 
such complex behavior that it is di/licult to analyze it. 
Even when analyzed with the aid of a motion-picture 
record such response often seems in fact to justify the 
term "mnss-activiiy," For an excellent analysis of 
other meanings of mass-activity see Pratt (72), But 
controlled exteroceptive stimulation of the sort used 
in this investigation seems to lead throughout the whole 
series of fetal stages, in relation m the stimulation of 
each specific receptor zone, to what may be considered 
as a special, althougli very variable, pattern of behavior. 
These patterns of response, taken as a whole, are at 
times obscured by otitcr siinultancniisiy aroused activi- 
ties which arc sometimes so general in the jiumbcr of 
behavior mechanisms involved that they merit the term 
"mass-activity," 

It is, of course, possible to say that in specific re- 
sponses the behavior of the whole organism is “im- 
plicit, " aa some of those who hold what is called the 
“organismic view” assert (47). In a sense such a 
statement is true. Concerning a response which arises 
after a previous response, it may be said, for example, 
that the second response involves “the further extension 
of the total pattern into the appendages" (19). If the 
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neck alone flexes, it does always nevertheless bend up- 
on the trunk, and so the trunk may be said to be in- 
volved in this neck flexion, In the true "C” reaction, 
which in many fetuses seems temporally to follow this 
first neck flexion, the same “totality” of pattern is even 
more obvious. In many fetuses, however, by the time 
this reaction is perfected, or even before it has ap- 
peared, other special patterns, such as independent fore- 
limb reflexes, have developed. It almost seems that 
it can be said without too much injustice that such 
responses may simply be described as they appear, or 
they may be called “an extension” of something else, 
depending upon whether one wishes to record an ob- 
servation or develop a theory, In evaluating the ref- 
erences that have been made to mass-activity, especially 
by Minkowski and other students, who have observed 
fetuses that have been removed from placental circula- 
tion, the special effects of this abnormal condition 
should not be overlooked. Progressive asphyxiation in 
fetal as well as in adult animals not only leads to an 
alteration of thresholds, but, in certain instances, the 
accumulation of metabolites so affects the central 
nervous system that the general response of many mus- 
cle groups characteristic of “writhing” appears. Min- 
kowski has discussed this abnormal phenomenon at 
length (64), and certainly observations made under 
progressive asphyxiation cannot be compared to ob- 
servations made under the relatively normal conditions 
of the present experiment. For a further criticism of 
the concept of mass-activity, see Dennis (26). 

Instead of always beginning in mass-activity, out of 
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which by iuf/ivlfJuation and specificGlion the organism 
acquires the capacity to use its various appendages and 
muscle mechanisms independently and adaptively, it 
seems rather that each spcciRc receptor zone of the or- 
ganism tends from the first, when stimulated, to re- 
lease a recognizably specific, but variable, pattern of 
behavior. Probably ultimately a statistical statement 
of the exact frequency of released patterns from speci- 
fic stimulation must be given, as Pratt has done in his 
recent study of the plantar response (73, 7+) and as 
Gesell and his collaborators (36, 37), Shirley, and 
many others have done for human neonatal behavior 
(82). 

In the opinion of the author, the fact that random 
activity cannot be demonstrated to precede all specific 
behavior acts does not mean that by some sort of mys- 
tical hereditary maturation these specific responses un- 
fold to meet some future need of tj)c organism, as the 
old nativistic theory would have it, Nor are they "in- 
stincts” in the old mystical sense. Rather the facts 
seem to point to the view that, in the complex interac- 
tions between the cells and organ systems of the grow- 
ing individual, factors external as well as internal to 
the changing systems must be given if a complete story 
of development is to be presented. As a result of a 
rigid series of mechanistic determinants which arc only 
now being unraveled by students of developmental 
mechanics, a reccptor-neuro-miiscular mechanism 
which may work more or less effectively when it is 
first activated as a total arc is produced (cf, 9B, 99, 
102, 67). In previous papers the author has consicU 
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ered some of the factors intrinsic and extrinsic to the 
developing systems themselves which are involved in 
this process which is often loosely called maturation 
(12, 13, 14). 

It may be said, then, that the facts disclosed in the 
present investigation do not support the absolute "total- 
istic” or "organismic" view of the development of be- 
havior. The growth of behavior cannot always be said 
to involve a simple individuation of previously more 
general behavior. It is interesting to note in this con- 
nection that Minkowski, possibly the greatest student 
of human fetal behavior, has said in a personal com- 
munication to the writer that in his opinion the totalis- 
tic approach to behavior is as overemphasized in our 
time as the atomistic approach was in the last genera- 
tion. 

If we now turn from the extreme organismic view to 
the extreme atomistic view, we again find a theory that 
is not supported by the facts recorded in the present 
study. We arc told, for example, that at birth the 
child "is still a creature of reflexes, although some of 
these reflexes such as the movements of nursing, occur 
in fairly predictable scries" (85). Such statements il- 
lustrate what Koffka has called the impossible effort of 
Spencer and his followers to build up an understanding 
of complex adaptive behavior by considering it to in- 
volve the integration of specific series of wholly indi- 
vidual reflexes (51 ) . 7'hose who hold the integration- 
view in its most radical form often suggest that 
education during prenatal life organizes the adaptive 
responses which are present in the neonate. In the 
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present study no evidence has been secured that con- 
ditioning or learning occurs so consistently and 
elTectively during fetal life that the adaptive responses 
of the newborn animal may be viewed as the result of 
prenatal experience. 

In a recent publication Holt says: 

In other words, ai iliis moment (In mnmmuls this is 
several weeks nrior to birth) ii pressure on the cyc*ball 
is just as likely to prnducc (jf it produces nnytluiiR) n 
twitch t)l the arm, lunil, IcR, or toe ns it is to pfodiicc r 
movement which in nny way refers to the eye. , . . (42) 

Since this quotation refers specifically to the stimula- 
tion of the eye, the reader may look at the protocols 
above of the responses given to the stimulation of re- 
gion 11. Here it certainly seems that from the onset 
of behavior the responses that appear art in some way 
definitely relevant to tJie eye. As ex-pj, lined above, it 
is true, there arc possible errors in the experimental ob- 
servations recorded. At tins early stage the observa- 
tions are based upon comparatively few fetuses. More- 
over, it may be suggested ihat, unknown to tlic experi- 
menter, a suflicieiit amount of exercise has been 
secured to iTiake this apparently patterned reaction, 
which seems to have been released on truly initial 
stimulation, really a learned response dependent on 
previous fetal activity. But this last hypothesis seems 
unlikely, This is true especially in view of the fact 
that when the concha alone, of all receptive areas, was 
sensitive its stimulation released a pattern of response. 
This early pattern of response, because of mechanical 
difficulties, such as the shortness of the legs and the 
like, was not fully effective, but was nevertheless in 



BEHAVIOft IN THE PaBNATAt GUINEA-PIG 


475 


outline, as it were, the same movement pattern typical 
of the adaptive response to be produced in later fetuses 
from this same sort of stimulation. As suggested in the 
criticism of tJie view of mass-activity, the discovery of 
early specific patterns of behavior, as demonstrated 
in this investigation, is not to be taken as a ground for 
a retreat into mysticism or for the apotheosis of a crude 
preformist view of hereditary maturation. Holt him- 
self, in explaining the education of sensory surfaces, 
assumes the bony make-up of the jointed limbs as some- 
thing given (I priori which is fundamental in determin- 
ing the nature of first responses. The results of the 
present study seem to make it necessary, likewise, to 
assume that ontogenetic factors comparable to those 
which produce a “patterned” skeleton also produce to 
some extent, at least, a “patterned” nervous system, 
ready to work, although often crudely, in a particular 
way when it is first functionally activated as a total 
arc. Similar inner structural changes of growth may 
bring about changes in function at a later period which 
are not dependent upon previous “total function," at 
least in all respects. As suggested above, however, what 
is now known of the developmental mechanics of the 
embryo indicates that heredity alone will not explain 
how this mechanism comes to be organized as it is. 
The observations of fetal behavior made in the course 
of this study over and over again confirm the self- 
stimulation of the fetus’ sensory surfaces brought about 
by the fetus’ own responses as discussed by Holt (42). 
Other forms of fetal activity may well play an essential 
role in fetal development, at least at certain periods. 
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One mfiy therefore still hold, if he wishes to do so, 
the essential philosophic iruili that each individual is 
at the start of life a iabuta rasa. This position may be 
maintained, even though it be understood that natural 
Bclcction, or Bomc other evolutionary agency, has made 
adult male and female guinea-pigs capable of produc- 
ing fertili/.cd germ cells of such chroinosninal and cyto- 
plasmic rnake-up that, given usual cnviroumentol con- 
ditions far development, they will grow into organisms 
with a series of organized rcccptor-ncuro-motor 
mechanisms; and that these specific arcs arc such that 
when extcroccptivcly stimulated for the first time they 
are capable of producing patterned responses, These 
first responses, moreover, are at their onset neither in 
the ordinary sense of the words used "a total reaction 
of the organism" nor arc they "wholly random" in re- 
lation to the place stimulated. As development pro- 
gresses, these responses change. In this process both 
"individuation" and "integration" arc descriptive 
terms which will characterize particular alterations 
that may be observed to take place, as has been previ- 
ously suggested by a number of writers including Min- 
kowski (62), Pavlov (70), Anderson and Patrick (2), 
and the writer (15). 

On f/ic side of pos/fivc theory it may be said that the 
results of the present investigation emphasize the fact 
that the responses noted at each fetal stage, as they are 
released by the stimulation of special areas, arc most 
surely correctly described if they be treated as a func- 
tion of the specific stimulating conditions of the mo- 
ment and the physiological and anatomical cmulitions 



BKHAVIOR m THE PRENATAL OUlNEA-PLQ 


477 


of the fetal organism as it is at the time of stimulation. 
Thus, any "long-section view" of a behavior pattern, 
that is, the description of a behavior pattern through a 
number of days in fetal life, consists in a notation of 
modifications in specific responses at a series of tem- 
porally separate periods -when all possible relevant 
conditions arc known and, if possible, quantified, In 
many cases, different details of response, or somewhat 
metaphorically, modifications of behavior patterns, 
when so recorded, are found in the fetal guinea-pig to 
follow a temporal course which may, in relation to 
quite a good many receptor areas, be characterized in 
terms of the stages considered above. under Conclu- 
sion 9. 

Therefore, in place of asserting that behavior change 
results from "individuation" or "integration," it seems 
that the results of the present investigation are best 
interpreted as a simple record of a series of responses 
in particular organisms in particular stimulus situa- 
tions. The scientific purpose of prediction and con- 
trol of the alterations that may be expected to take 
place ill the behavior patterns of other series of fetal 
guinea-pigs and, with some reservations, in other series 
of fetal mammals, may be better served by comparison 
with the particular characteristics of the series of ob- 
servations presented here than by any abstract general- 
izations. Moreover, in spite of two very significant 
recent theoretical discussions by Stone (89, 90), the 
present writer still finds the suggested criteria for the 
radical separation of the influences of heredity and 
environment, as determiners of the early development 
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of beliavior, impossible of application. For in one 
sejisG, fit any rate, as the work on developmental 
mechanics shows, heredity and environment are inter- 
dependcntly involved in the determination even of the 
very cellular structures upon wliich all behavior at 
every level depends (11). 

In conclusion, thcrcffirc, the author proposes the 
abandonment nf what seem to be premature and all- 
inclusive generalizations in regard to iulegralion or 
individuatian, inniuratwu or con/iiiioiiin^, which are 
intended to fit tJic behavioral growth of all responses 
at all ages in all fetal organisms. In place of such 
abstractions it seems rather that detailed factual scales, 
of which the one presented here is an example, should 
be prepared by those wdio arc interested in early be- 
havioral development. When such descriptive sched- 
ules have been recorded for di/Tcrent fetal organisms 
and for the same fetal organism under experimentally 
varied circumstances, ami when the neurological and 
other conditions of the observed behavior have been 
worked out in relation to known stimuli, it may be 
possible to make valid inicr-spccics comparisuns. From 
such comparisons eventually accurate general laws of 
behavioral growth may be constructed. Facts which, 
so far as the author knows, arc presented in this study 
for the first time, moreover, seem to demonstrate 
clearly that in this typical fetal mammal the develop- 
ment of response, in reialion to jpecifle receplor stimu- 
lation at successive growth stages, is far too specialized 
to be summarized with validity by any existing general 
theory of the development of behavior. 



IV 

SUMMARY 


This paper reports an experimental study of the on- 
set and development of reflexes and patterns of beha- 
vior in operatively exposed but otherwise normal fetal 
guinea-pigs ranging from 27 to 67 post-copulation days 
in age. By the aid of a specially constructed chart, a 
series of over 100 definite receptor zones were usually 
stimulated in each fetus. A description of each re- 
sponse, checked by two observers, was recorded in 
shorthand. Elaborate moving-picture records were al- 
so made. 

Among others, the following conclusions are based 
upon the results of this study; 

The first true behavior of the fetal guinea-pig in- 
volves neck and fore-limb reactions which are released 
by unknown, i.e., "spontaneous,” stimulation at 28 
days. 

The first extcroccptivcly aroused reaction was a pat- 
terned response, following pressure stimulation of the 
ear, whicli involved neck and fore-limb muscle re- 
sponses at 3 1 days. 

During the course of fetal life, behavior, released 
by the stimulation of specific receptor areas, may, in 
spite of great variation at each age, change in a way 
that may approximately be described as a series of 
stages. For example, all typical "simple” reflex re- 
sponses to isolated stimuli can be shown to arise at a 
given stage which is temporally subsequent to a stage 
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at which similar stimulatinn led to a pattern of be- 
havior involvinj' larger muscle groups, 

Light, sound, temperature, pain stinuili, non-audi- 
lory labyrinthine stimuli, as well as pressure and pro- 
prioceptive stimuli, all can be shown to release re- 
sponses during fetal life. 

There is evidence in late fetal life that the higher 
brain centers influence responses of the sort predomi- 
nantl}' mediated at the spinal level. 

The concept of the rellcKogeuous zone is distin- 
guished from that of motor diffusion to specific, recep- 
tor slimulnlian, and the view is advanced that the 
"shrinking of the reflexogenous zone*' is a more limited 
phenomenon than some writers have supposed. 

■While strictly maintaining the scicntilic or "mechan- 
istic" point of view, it is possible for the external ob- 
server to recognize many of the responses of the fetus 
as "adaptive." A number of such responses arc con- 
sidered in (lefn/J in regard to their origin and develop^ 
mental change during fetal life. Among those con- 
sidered arc: (a) activity of the vibrissac; (^) eyeball 
movement; (c) iris responses; (d) eye-winking; (u) 
ear-muscle responses; (/) nostril dilation; {g) tongue 
movements; (/i) changes in neck and body posture in 
relation to vestibular stimulation; (/) general sub- 
cutaneous muscle responses; (/) behavior acts con- 
cerned in feeding, air-breathing, excretion, locomotion, 
defense, expression, and emotional responses; and (/i) 
adaptive responses of the total integrated organisms 
showing the sort of behavior which has been called 
"persistence by varied means toward the achievement 
of a goal" or "docility." 
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A number of new facts, which so far as the author 
knows arc described for the first time in this study, do 
not confirm any of the allegedly universal theories of 
the development of behavior such as those summarized 
by the concepts of "individuation" or "integration." 
The specificity of the developmental sequences ob- 
served in this study indeed suggests that much further 
and more accurately quantified work must be done on 
the growth of behavior in many fetal mammals before 
the formulation of any such general theory of develop- 
ment may profitably be undertaken. 
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49 (] LEOKAKU CARMICllAEl. 

UNE fiTUDE EXPEH1MEN'1‘AI.E CHEZ I,E COCllON D'INDE 

FOETAL DR L'ORICilKE liT DU DfiVELOFPEMENT DES 
HfiFLlCXliS ET DES FORMES 1)0 COMl’OKTEMENT PAR 
RAPPORT A LA STfMtrLATIO.V DfiS AIRES RRCEP- 
TRICRS Sr'fiClFiailES I'KNDANT LA PP.R10DI5 DE 
LA VIE FOE’J ALE ACTIVB 

Cci uKide rnpimric unc ^iiiilc cx|icrimcrtiiic (hi lomiiicnrcmcnL et du 
(livcl(i(iperncn( dei rfficxci ec <{(« forinci du cofiiprinenieni chcx des coclions 
d'Inde fneiavix opfraiivcmeni cx|i(inja inxii Aiurcmciil nnrinnux Ag£a dc 
27 & <7 inurs apr^a In cnpiiloiiitn. Oil a Ic plui lauvent aiimiili une alric 
de pliia de Idd zcinei rdcepCricei dclinic* chcx chaipie focdia. On q noi^ 
Bl^nnKrapliiciiicintni une dciciiplMin ile chai|uc rtpoiiac, conlrul^c, par deux 
nhaeri'Aifiira. On a /.'ll! itLiaii ilc* notalioiu cin^inaio^rapliiiiuea ^Inlordei. 

Le piemicr vral comiioricnienl du cochon d'lndc loelal comprsnd dca 
riaciioni du Cou ct dci avatil-nicnibrei Ica<|ucl1t! soni ilfchnrj;tci pur unc 
niiinuUliun iriioiiiHic. r.'(r»i-4-dirc, '‘*pniit*iicc,'’ ft 2 » jours. 

Ln premi&re rfnciinn cil^rnccptivemcnl dkliarK^c n une r^poiise 
dune forme dffim' 9 , Rpris unc aiimiiUiinti de I'oreille par In prcaalon, qui 
A comprli (lei rilpoitaci nuiiculiirra du cmi ti dca nvant-numbrca ft 3l 
joura. 

Oil |ieut mnriircr que imiUR lea ripnnire r^ncxei i>|ii(|uea aiix gilinuli iaolis 
le nionircnt h uiic Knee donn^c qui eai suha^qiiL'nie ft I'feard du lemps 
ft une KtiRc uii une ndnuilniion pnrcille cftde unc furine dc compciricmcid 
qui coinprend de plua Rrnnds Krrnipea inueciilnirca, 

On niomre quo lea alirmdi dc lumiftrc, ilc inn, ds icmpfrahirt, lea allmull 
de (hiuleur, lei aiiniiili iBhyriiilliWpici non nuilllira, liiiai que Ics eilmull 
de preaiion ci (ci alimiili proprmceiilifa, lUchurneni loiia dea rjpoiiiei pen- 
(lent In vie (oeinic. 

II y 0 de I'^videnre dana In vie fociale avnnc^c que lea certrea c^r^hrniix 
■uptricuri influcneeni Ici rillexci do In inoeilc ipiniftre. 

On diaiinRiie )e rancept de la gtnr r/firxopinr ilc I’rliii de In diffution 
molrUe d ia stiimtlnlion rfeepirire iphifiiue, cl I’nn nvance I'lcUe qiic "Id 
diniinulion dc la zone ridcKoHinc" cal un plijnuniftne pliia lliniti que 
quclquei nuleura I'onl auppoiei. 

On coniidftre immluc dc riponsci Bdnpivei eii d6inil ft I'dRurd dc Icur 
ariRlnc ei dc Icur clinn|(cmcnt du d^vcloppemtnl pciidani la vie foctale. 
I'nrmi ccllcs conaiddrccn i>»m: (it) I'acilvUc dci vihrissts; (b) Ic mouve- 
mcni dll globe de I'aeil; (c) lea r^ponaci dc I'irii; (d) lea rligncincnls d'yrux; 
(e) lea r^pniiHcs dca muacles lUs nrcillcs; (f) Ia dilnilon dcs naritici; 
(ff) lea inouvcinciiiM dc la longue; fh) lea cliangcincnls dc In jioalurc du 
can ct dll ciirpB |ur nqipari ft It nlimulaiinn veanhidnire; (i) Ics r^nunsca 
gdn£rnlea dca rniiidcB ninia-culanici; fjf Icn ncica ihi coniporlcmenl dont 
II Va^u diina (cn r^ponacn dc priac dc iiuurrllurc, ilc rcN|nrii(ioii dc I'nir, 
(I'cxcrjlion, dc loconmliaii, de itdrenic. d'csprcaHinn ei lea r^punsca Emoiivcs; 
et Ics rjpunses adnpdVca dc loiil l'orgaii(<ni<c iiii^i'rL 

Lea [£aulinls de ccIle dlude ne confirmenl. cn dclnil niicunea dca lli^oriea 
nfflrin^es iiniveraellea dii d^velnppemcnt du coiiiiiuricmcni lellca que ccUgb 
rdaiimjca pur ki conctpii de 'Tiiidividunuon" uu dc "I'lnkRrniioii." 

CAaMK/Msr, 
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EWE EXPERIMENTELLB UNTERSUCIIUNC BEIM MEERSCHWEIN- 

CHEN VOR DER tJEWURT OBER DIE BNTWICKLUNG DER 
REPLEXE UNIJ GKUH.DE DES VERHALTENS IM VERHALT- 
NIS ZU DER ANREIZUNC DER SPEZIPISCMEN EMPP- 
ANOERFLRCIIEN WAllHKND DER ZSilT DE8 
AtCTlVKN paTOSr.HftBNS 

(Rrfcrat) 

Dleie AlihandluriK iiher citte capcrimenielle l/nleriuchtin^ del 

AnfnnK! unil der EittvicblunH der HeAeae und Oebllda Jbj Vtrtiallena bel 
optmilv (migeicdien, alicr uitui nnimalcn P6iyimceiKhwc(ncKcn im Aker 
van 27 bli d7 TflR^n nach dcr I'aorunff. E)n£ Reihe von fiber lOO braclmm- 
len Empfiti{;er 2 Qncn iturilen j^cvrAhnllch be} jeden P&iiiA nogevelzl. Elne 
BeichreiUutiK von jeder Resketon vtuidc in KurMchrift von zwcl Beobach' 
lern aufecichrielien. Gorpfdliii;e pholographliche Aulnshmen wurden auch 
gemacht. 

DJe eriien ivthren VerhiitiKiKawcUen dei Pdiutnieerichtveinelieni bei' 
lehrn eyi llali* ynd Vorderhcinreakiioncn, die durch unbekonnte, d.h> 
"frelwillige" AnregunK zu U Tagan auigeldil werden, 

Dio ertu exlerozefiiv Aiiigel^te Reaktioo \rnr c|ns MuiCrreakHon, die 
auf llrucfcrcIzuuK dei Ohrei folRie und die auch IJdIj* und Vorderbein* 
inUikdrcakiioneil zu J1 Togen einichloia. 

Alle l)'pi!icheQ Keflexrcakiloncn auf iaoiierle Relze kSnnen bei einsm 
geecbenea Stadium ntahgewicicn wcrdcn, die zeltlieh einem Stsdlum {olgl, 
bel welclietn Slinlichc Reixung zu einern Oebiide del Verhalleni iUhrl, dai 
aui grdueren Muakelgrufipen beiiebr. 

LIcht', Lfliit'i Temperacur'. Schmeezraize, filchtJob/jrlnthiache GehSr* 
reize, aotvlc Druck* und rropriozcpiivreize erzeugen Reakrionrn wUhrend 
del Fflluatcbeni, >v(e nnchgewieien vrurde. 

El glbt Evidenz bclm ipBicn Pdiuilcbcn, dais die h6herea Hirnzentren 
die KGckeninarkrellMe bceinRujitn. 

Der Bcgrlff dcr reflexogenen Zcncit unicrichcldct [Ich von der der Melor- 
ouibreilvrtff am/ jftetifiieJte EmpfHfu/errmung, und die Anelcht yrlrd vor- 
gciehlagcn, dnrB ((ns “Srhrumpfcn dcr rcflcxogcnen Zone" eln bejchraoktcret 
Phanoinen lit, nle einige Autoren vermutet hnben. 

Ei'ne Ai]xaI)I AnonsiiinnsrcHbiionei) wird in EInzelhciten In bezug auf 
Itiren Urepnmg und die EnlwicWungeverflndcrung wAbrend de» PStualebejis 
beirncliiei. Unier den bclrachielen ElnzelhcJlen belinden^ sichi fn} Tatig- 
bcil dcr vihrlssac; (1) Augapfclbcwcgungi (c) Irisreaktionen; Blins- 
c!n mil dan Aiigenj (e) Ohrcnmuekclrealilioiien} (H Noflenlochauadchnung; 
ig) Zungenhewagungen ; (A) VerKndcriingen dtr Hals- utid Ktirperhaltung 
im Vcfhaltnla ziir Vorfio/rcizung; (i) nllsemeine Muskelreize unUr der 
Hunt, (;) VerbAltunRSweisen In bezug ouf Essen, Atmen, Ansscncidung 
OrtsverJnderung, VcrCcidigung, Ausdrucks- und Gemfils/BakJonen, una 
(A) Aiipji.isimgarpjikiionen tics goiszen integrierten Organiemua,^ 

Die Bciundfl die.cj Studiume besfiitigen durchaua nicht die angebUch 
Univcrselkn Lehrcn dcr Enlwfcklimg des Verhahens wie jene^ die durct 
die Bcgrlffe der "Indivlduallon" oder "Integration" zdsammengefasst 

werden. 
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